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DESCRIPTION 



PCTAJS99/02400 



SYNTHESIS OF OUINOBENZOXAZINE ANALOGUES WITH TO - 
POISOMERASE U AND OUAPRUPLEX INTERACTIONS FOR USE 

AS ANTINEOPLASTIC AGENTS 

1.0 BACKGROUND OF THE INVENTION 

1.1 Field of the Invention 

The present invention relates generally to novel quinobenzoxazines, methods of 
synthesis, and uses thereof. More particularly, it concerns the synthesis of quinobenzoxazine 
compounds, pyridobenzophenoxazines, pyrridonaphthophenoxazines, and other related 
compounds that can stabilize the topoisomerase II-DNA complex and interact with G- 
quadruplex DNA and that, as a consequence, exhibit anticancer and antibiotic activity. 

1J2 Description of Related Art 

There remains a persistent need for new compounds with antibiotic properties. Over 
time bacterial agents evolve to develop resistance to existing classes of antibiotics, thus driving 
the continual need for new and effective antibiotics. The development of new classes of 
compounds with both narrow and broad spectrum antibacterial properties is therefore desired. 

Similarly, there also has been a need for, and much research focused on, the treatment of 
cancer using chemotherapies. Resources continue to be directed toward the development of 
antineoplastic agents for the treatment of cancers, including solid tumors, leukomas, and other 
forms of cancer. Many antineoplastic agents developed are not ideal because of problems 
associated with their cytotoxicity and multidrug resistance of some cancers. What is needed are 
compositions for the treatment of cancers that are effective while minimizing their adverse 
effects. 

The cytotoxicity of the fluoroquinolones is due to their ability to shift the cleavage- 
religation equilibrium required for topoisomerase action toward cleavage, thereby effectively 
trapping the enzyme on DNA to form the "cleaved complex" (Shen et aL > 1989a; Shen et aL 9 
1989b; Shen et aL y 1989c; Willmott and Maxwell, 1993). The quinobenzoxazines arc potent 
mammalian DNA topoisomerase II inhibitors. It has been proposed that die quinobenzoxazines 



WO 99/40093 



PCT/US99/02400 



-2- 

inhibit DNA topoisomerase II reaction at a step prior to the formation of the "cleaved complex" 
intermediate (Permana et al., 1994). 

The quinobenzoxazines are synthetic analogues of antibacterial fluoroquinolones (Chu 
and Maleczka, Jr., 1987; Chu et al., 1992; Chu et al., 1994). Studies have shown that some 
quinobenzoxazine derivatives have curative activity against solid tumors, murine tumors, and 



is, the 



human xenographs (Clement et aL, 1995). The antineoplastic effects of related com] 
quinobenzothiazines, are detailed in U.S. Patent 5,624,924, and is incorporated herein by 
reference. DNA binding studies reveal that antibacterial fluoroquinolones prefer to bind single- 
stranded DNA to duplex DNA or bind the DNA-gyrase complex in the presence of Mg 2+ 
(Willmott and Maxwell, 1993). In contrast, the quinobenzoxazines bind duplex DNA through 



intercalation. A drug self-assembly model has been proposed 



on results of biophysical and biochemical studies (Fan et aL 9 1995; Yu et al. 9 19%). In this 
model, a 2:2 dnig:Mg 2+ dimer binds DNA with one drug molecule intercalating between DNA 
base pairs and the other drug molecule externally bound through two chelated Mg 2+ ions. The 
two magnesium cations link the two drug molecules in a head-to-tail fashion in which the 0- 









V 





phosphate 



of DNA backbone and two water molecules to form an octahedral complex. 

The model interacts with DNA as follows: the polyaromatic ring of one moiety 
intercalates into DNA base pairs and anchors the whole assembly on DNA; and the 0-ketoacid 
functionality and the 3-amino-pyrrolidine substituent of the second moiety chelate Mg 2+ 
through which the external molecule is bound in the DNA minor groove. In this manner, one 
quinobenzoxazine molecule serves as a DNA intercalator and the other quinobenzoxazine 
molecule binds externally, held to the first drug molecule by two Mg 2 * ions (Fan et aL y 1995). 
On the basis of this model, new combinations of antibacterials and anticancer agents cap be 
designed that target the bacterial gyrase-DNA and topoisomerase Il-DNA complexes, 
respectively. In each case, one molecule designed to optimally interact with the DNA by 
intercalation, and the other designed to interact with the enzyme by external interaction with the 
DNA, are predicted to produce greater efficacy than the same molecule serving both roles in a 
suboptimum manner. G-quadruplexes also have been proposed as molecular targets for 
anticancer aeents CMenmv and Helene 199SY Dnia interaction with G-quadruplexes leads to 
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inhibition of teiomerase (Surt.e/ aL, 1997; Wheelhouse et al. 9 1998; Fedoroff et al. 9 1998). 
Inhibition of teiomerase has been proposed as a selective way to kill cancer cells because in 
large part only cancer cells depend upon teiomerase for survival (Morin, 1995; Parkinson, 
1996; Raymond et aL y 1996). 

Single agents that have dual mechanisms of action are proposed to have an advantage 
over agents that only have one defined mechanism of action. For example, studies have shown 
that Taxol not only targets tubulin, but also interacts with bcI-2 (Rodi, 1999). This may 
account for some of the efficacy of Taxol in its anticancer activity. 



2-0 SUMMARY OF THE INVENTION 



The present invention provides a new and novel solid- and solution-state parallel 
synthesis method for quinobenzoxazine analogues, a novel model of quinobenzoxazine self- 
assembling on DNA, and use of this model to design a series of new quinobenzoxazines, 
pyridobenzophenoxazines, pyrridonaphthophenoxazines and other related compounds that 
diibit anticancer or antibiotic activity. The anticancer activity of these novel compounds is 
thought to operate via stabilization of the topoisomerase II-DNA complex and/or interaction 
with G-quadruplexes. The antibiotic activity of these compounds derives from their ability to 
interact with the gyrase-DNA complex, which is the bacterial type II topoisomerase. 

The present invention therefore seeks to overcome deficiencies in the prior art by 
providing a new model for design and a new method for the synthesis, of a new series of 
quinobenzoxazines that display increased anticancer and antibiotic activities. One aspect of the 
invention includes a novel dimer model compound for use in developing quinobenzoxazines 
with potentiated anticancer and antibiotic activity. Further provided is a solid-state parallel 
synthesis method of producing these antineoplastic quinobenzoxazines and qu 



The present invention contemplates a 2:2 quinobenzoxazineiMg 2 * dimer model. This 
binds DNA with one drug molecule intercalating between DNA base pairs and the other 
drag molecule externally binds through two chelated Mg 2+ ions. The magnesium cations link 
two drug molecules in a head-to-tail fashion in which the p-ketoacid moiety is the bidentate 
hgand as a head and the primary amino group of the amino pyrrolidine side chain is the tail. 
Each magnesium cation also binds with a single phosphate oxygen of the DNA backbone and 
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two water molecules to form, an octahedral complex. In this manner, one quinobenzoxaane 
molecule of the dimer serves as a DNA intercalator and the other quinobenzoxazine molecule 
binds externally, held to the first drug molecule by two Mg 2 * ions. 

Alternatively, the 2:2 quinobenzoxazinerMg 2 * dimer model utilizes a heterodimer. 
Based on the feet that fluoroquinolones, parent compounds to quinobenzoxazines, in the 
presence of quinobenzoxazines, can cooperatively interact with DNA in the presence of 
magnesium and have a cooperative effect on the lengthening of the DNA helix, a heterodimer 
model was made. The heterodimer is constructed by removal of the externally bound 
quinobenzoxazine molecule and substituting the nonintercalating fluoroquinolone parent 
molecule. The mtercalating aspect of the dimer model remains a qumobenzoxazine. Upon 
addition of the nonfotercalating fluoroquinolone to the quinobenzoxazine, a cooperative effect 
on DNA lengthening is observed that is consistent with the substitution of the externally bound 
quinobenzoxazine by the nonintercalating fluoroquinolone. This result provides useful 
information in that it reveals that both the intercalating and the externally bound moieties, as 



2+ 



binding 



of novel quinobenzoxazines with potentiated anticancer and antibiotic activity. Furthermore, 
the inventors demonstrate that this heterodimer model also exists in the presence of 



topoisomerase II bound to DNA. In an in vitro study using a prostate cancer cell line,itwas 
found that addition of the nomntertalating fluoroquinolone Norfloxacin increased the potency 
of the quinobenzoxazine up to 20-fold, providing additional evidence for the 22 
quinobenzoxazine zMg 2 * dimer model. 

In addition to topoisomerase D as a molecular target, some of the quinobenzoxazines 
interact with G-quadruplexes. As a result of G-quadruplex interaction, these compounds inhibit 
telomerase and cause chromosomal aberrations. Thus, in this present mvention mere are three 
categories of anticancer drugs. The first two groups of compounds are those that are either 
topoisomerase H interactive or G-quadruplex interactive, while the third group can interact with 
both targets. 

The present invention former provides a novel method of solid-based parallel synthesis 
of qumobenzoxazines. The first step is the loading of ~ quinobenzoxazine precursor onto a 
solid support to provide a solid bound ester. A variety of solid supports may be utilized. 
Virtually any solid support that is capable of binding to a precursor to form a solid bound ester 
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through a traiisesterification reacti n is acceptable so long as the solid support is compatible 
with the protective groups used during peptide synthesis. These protective groups include 
Fmoc, t-Boc, and Teoc. The protective groups may be readily removed using conditions 
suitable for the particular group employed. For example, Fmoc is removed under basic 
conditions, t-Boc is removed under acidic conditions, and Teoc is removed in the presence of 
fluorideion. Thus, for an acceptable solid support to work with the instant invention, it must 
contain properties that allow the growing peptide chains to be protected or deprotected as 
desired under appropriate conditions. In a preferred embodiment, a Wang resin is used as a 
solid support to which the precursor is bound by a transesterification reaction in the presence of 
a catalyst Generally, any carboxyacetophenone containing fluorine atoms or nitro groups on 
the two and three positions of the benzene ring may be employed. These compounds may be 
modified using combinatorial chemistry techniques to produce a tetracyclic qumobenzoxazine 
scaffolding, which also can undergo a transesterification reaction to bind to the resin or ot± 
solid support A preferred precursor is ethyl 23,4^-tetrafluorobenzoacetate. 

The next step in the disclosed solid-state synthesis comprises a generation of 
enaminoketoester from the solid bound ester formed during the transesterification reaction 
outlined above. This is considered a branch point from which diversified scaffolding can be 
made. 

The invention thus provides for the formation of a tetracyclic scaffolding via a double 



; ■ j« 



it, the organic base 



is 



cyclization step from the enaminoketoester. In a preferred em 
tetramethylguanidine (IMG). 

After fonnatkm of the scaffold 
micleophilic (for example, a nitrogeneous 
quinobenzoxazine analogues. 



of the fluorine forth 



variety 












«*uogues nave oeen tormed by regio-specific substitution 
m may be accomplished by deprotection of the benzylic 
subsequent coupling with an amino acid, acylating agent, or alkylating agent 
Tlie coupling agents are selected on the basis of their potential to exhibit increased DNA 



unwinding and DNA t 





m 







gprop 



compared 



t quinobenzoxazmes. One 



may select for these properties by first testing candidates in the dimer model previously 
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topo n-mediated cleavage pattern in the presence of A-62176. The cleavage reaction was done 
in a reaction buffer containing 10 mM iraidazole-HCl (pH 6.0), 10 mM MgClj, 50 mM KCI, 
and 1 mM ATP, as described in the Materials and Methods section. Lanes 1-7 contain 20 units 
of Drosophila topo n. Lane 1 contains no drug. Lanes 2-7 contain 0.2, 0.5, 1, 2, 5 and 10 uM 
of A-62176, respectively. (B) Topo II cleavage products indicated by arrows in (A) were 
quantitated using a Phosphorlmager and analyzed using ImageQuanNT software (Molecular 
Dynamics). The intensity of the topo n-mediated cleavage was determined from the volume of 
the bands [indicated by arrows in (A)] normalized by the total radioactivity in each lane. 
FIG. 6. Summary of telomerase inhibition studies. 

FIG. 7. The 80-base-pair oligonucleotide used in mis study. In order to precisely 
define the location of the bases at the topo H cleavage site, negative and positive numbers (. . .- 
2, -1, +1, +2 ...) are used to indicate the bases at the 3' and 5' termini of the cleaved 
phosphodiester bonds on the top strand, and corresponding negative and positive numbers 
(...+2', +1 ', —1', -2'...) are used for the bottom strand. 

FIG. 8A and FIG. 8B. Results of competition studies between psorospermin and A- 
62176 (I in FIG. 2) or Norfloxacin 01 in FIG. 2). (A) Lanes 1 and 2 are control DNA without 
and with heat treatment, respectively. Lanes 3 and 4 contain the Maxam-GUbert sequencing 
reactions for AG and TC. Lane 5 contains DNA and psorospermin only. Lane 6 contains 
DNA psorospermin, and topo II without A-62176 or Norfloxacin. Lanes 7-11 and 12-16 
contain 0.5, 1, 2, 5, and 10 uM of A-62176 and Norfloxacin, respectively. (B) Strand breakage 
products indicated by the arrowheads in (A) were quantitated using a Phosphorlmager and 
analyzed using ImageQuaNT software (Molecular Dynamics). The intensity of the DNA 
cleavage produced by psorospermin was determined from the volume of the bands [indicated 
by arrowheads in (A)] normalized by the total radioactivity in each lane. 

FIG. 9A and FIG. 9B. Results of competition studies between psorospermin and A- 
62176 in combination with Norfloxacin. (A) Lane 1 is control DNA with heat treatment 
Lanes 2 and 3 contain the Maxam-Gilbert sequencing reactions for AG and TC, respectively. 
Lane 4 contains DNA and 10 uM of psorospermin only. Lanes 5-25 contain DNA, 10 uM of 
psorospermin, and 10 units of DrosophOa topo U. Lanes 5-11 contain 0,0.16, 032, 0.63, 125, 
2.5, and 5 uM of A-62176, respectively. Lanes 12-18 contain 0, 0.16, 032, 0.63, 135, 23, and 

♦ ■ 

5 uM of A-62176 phis 20 uM of Norfloxacin, respectively. Lanes 19-25 contain 0, 0.16, 032. 
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0.63, 1.25, 2.5, and 5 nM 6f A-62176 plus 100 \jM of Norfloxacin, respectively. (B) 
Quantitations are the same as FIG. 7B for graphs I and II. The data in graph m were obtained 
by subtracting the difference between lanes 12 and 5 and lanes 19 and 5, which is the 
enhancement effect resulting from Norfloxacin only, from the data in graph II. 

FIG. 10A and FIG. 10B. Schematic representation of ternary complexes topo H-A- 
62176-DNA (A), topo n-A-62176/Norfloxacin-DNA (B). 

FIG. 11. Effect of increasing concentrations of Norfloxacin on the cytotoxic effect of 
QQ58, compound III in FIG. 2 in the prostate cell line DU-145. Compound III was either given 
alone (•) or in combination with Norfloxacin at concentrations of 2.58 (♦), 1937 (A), or 
8733 (■) fig/ml. For additions of 2.58 and 1937 fd/ml of Norfloxacin, the IC^ of compound 
III was increased by approximately 14- and 20-fold. 

FIG. 12A and FIG. 12B. Compound 2b (see FIG. 3) concentration-dependent block of 
Taq polymerase DNA synthesis by die G-quadruplex structure formed on the HT4 template at 
55°C. (A) Autoradiogram of a sequencing gel showing enhanced DNA synthesis pausing at the 
G-quadraplex site with increasing concentrations of 2b. Arrows indicate the positions of the 
full length product of DNA synthesis, the G-quadraplex pausing site, and the ftee primer. (B) 
Quantitation of the gel using ImageQuaNT software. 



4.0 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

4.1 A Model for Qumobenzoxazine Self-Assembly on DNA 

Norfloxacin, an antibacterial fluoroquinolone parent compound to the 
quinobenzoxazmes that does not interc alat e into duplex DNA, shows a cooperative effect on the 
DNA binding of die quinobenzoxazmes, suggesting that Norfloxacin can replace the externally 
bound qumob enzox az ine of a DNA-bound 2:2 drugrMg 2 * complex (Fan et aL , 1 995 ; Yu et aL , 
1996) (FIG. 1A). Additionally, Norfloxacin and the qumobenzoxazine A-62176 exhibit 
cooperative interaction with DNA in the presence of Mg 2 * and have an additive effect on 
lengthening of the DNA helix. On the basis of this information, it was suggested that the 
externally bound qumobenzoxazine molecule of the proposed model be replaced by the 
nonmtercalating Norfloxacin (FIG. IB). Tins suggestion was made, however, on the basis of 

m ■ m 

experimental evidence on drug-DNA binary complex formation in the absence of topo IL It 
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extending the phenyl ring to.a naphthyl ring. A series of new pyridobenzopl 
analogues were thus designed and synthesized (FIG. 3). These analogues showed strong 
inhibition effects on MDA-231 breast, H226 Non-small Cell, HT-29 Colon, Rali Lymphoma, 
DU-145 prostate human cancer cells, and B16 murine melanoma cells (Table 1). The IC*, 
values of these inhibitors were in the range of 4 nM to 2 uM. They also showed potent 
inhibition effects against human topoisomerase U with ICso values in the micromolar range. 
Some of the compounds have a greater DNA unwinding ability than A-62176. It appears that 
the higher DNA unwinding ability of these compounds leads to higher potency of 
topoisomerase II inhibition and therefore cytotoxicity against tumor cells (Table 1). 

The inventors also have shown that combining the nonintercalator Norfloxacin (0 in 
FIG. 2) with III in FIG. 2 increases the cytotoxic potency of m up to 20-fold in an in vitro 
system using the prostate cell line DU-145. Thus, the 2:2 heterodimer model proves to be valid 
at the DNA, topoisomerase tt-DNA complex, and the in vitro levels, and therefore may be 
expected to be valid at the in vivo level 

This model has allowed the development of a new series of quinobenzoxazines and then- 
analogues that exhibit antineoplastic and antibiotic activity. On the basis of this model, a solid- 
state synthesis method was developed to provide large numbers of compounds to study in the 
modehdimer complex and to evaluate their potentially increased antineoplastic and antibiotic 
activity compared to the parent compounds. 



WO 99/40093 PCT/US99/02400 

-11- 



P 



2 



-H 

p _ 
vo o 

CM 



cs 

o 
vo 
m 



-H 



O 



On 

cs 



00 



o 

m 



S 

C 

s 

o 

N 

a 

o 



a 

© 
S 



«S 

8 



e 



[vo 

-H 
o 

IO 



-H 

o 

(vo 



vo 
vo 



-H 



vo 
en 



oo 

-H 
CS 



-H -H -H 



CM 



-H 



vo 00 ^ 



-H 
o 



CM 

-H 
m 



vo 

CM 



-H 

O 
CS 



VO 

to 



VO 

-H 

oo 
cn 



-H 
oo 

CM 



CM 



-H 

CS 
CM 



On 
CS 



CO 

-H 
CS 



. ft. 

a 

« t 

9 £ 

« 



c 

vo 

X 



E s 



S3 ^ 

5 N 



•3 »<* 



p 
s 



ICS 

-H 
p 

VO 



cs 



o 



vo 



o 



-H 
o 

On 



CS 

-H 

cs 
cs 



cs 
cs 



-H 



io 



cs 



-H 



cs 



-H 

m 
cs 



-H 

cs 
cs 



cs 



cs 
-H 



cs 



cs ~ 



i 

1 



3 



s 



0> 

a 



o 



vo 



■H 



cs 
-H 



-H 



oo <r> 
vo 



cs 



CS 



cs oo 



O *r> 

w vo 

-H -H -H 

o o o 

O CS 



P 



s 



ho 



«o OS 



«o m 



o |S 



« IS J2 



a 



a 

o 



e 



hr cs cs <o ^ 

llO IK cs to CS 



cs 



cu 

a 

e 



o 

•g 

2 



2, 



i 

s 



O OS 

cs 



jo 



o 



WO 99/40093 



12 PCT/US99/02400 



5 



P 

Q 



o 



-H 4* -H 



s 

e 

a 
S 



-H -H 



NO 

• 

«^ 

• 



CO 

T3 
C 
a* 



O 

o 

a> 
cu 

3 

CO 



oo 



as 

2 

s 



e 







o 


o 




o 


o 


o 


oo 


cm 


On 




-H 


-H 


-H 


o 


o 


o 


o 


NO 


o 


o 


m 


oo 


CM 




NO 



a> 

CO 



<L> 

£ 

o 

CO 

O 



x 

J3 
15 



^ 4> 



c 

00 

E 



a* 



e 

V 



V5 | 



NO 

as 



s 

OS 



OA 



[cm ro 
"H -H 



\~ CM 
CM 



CO 



c 

<L> 

I 

4> 



C 

o 

CO 

O 

cx 

0> 



I 



«o 
eg 

2 



In 



CM 
CN 



4> •=! 

o 

0> 



E 

0> 



NO 

s 



s 

e 
e 

JS 
S 



-H 



CM 



NO 

-H 
O 

NO 



c 

03 
O 

O 

c 
o 

2 

0> 



03 
C 

o 



a 



* 8 3 



E 
o 

«£: 

2 
o 

E 
o 

JC o 

.** o. 
o 



o 

o 



o 



CO 



S 2 3 



a 

o 



NO 

i • 

ON 



oo NO ^ 



CO 
00 
CO 

a> 

CO 

3 
CO 

o 



o ~ 
•5 oo 



a 
E 

o 



c 
o 
o 

c 
o 

o 

00 



c 

O 



c 
a> 

c 

8 



WO 99/40093 PCT/US99/02400 

-13- 

On the basis of the inventors'prior experience with intercalators that interact with G- 
quadruplexes, the inventors designed pyridobenzophenoxazines that should interact with G- 
quadruplexes. 2b in FIG. 3 is an example of such a compound. Using UV spectral analysis, a 
DNA synthesis arrest assay (Han et al, 1999), a photocleavage assay (Wheelhouse el al, 
1998), and NMR titrations, it was demonstrated that these compounds do interact with G- 
quadruplexes. Furthermore, this compound was shown to inhibit telomerase and cause 
chromosomal aberrations in a sea urchin embryo system 



10 



15 



20 



25 



42 Solid-Phase Synthesis of Quinobenzoxazines 

Quinolone antibacterial agents represent a class of highly potent, broad-spectrum 
antibiotics. Thousands of quinolones have been synthesized to study their structure and activity 
relationships (Mitscher et al, 1990). Quinobenzoxazines, with a tetracyclic ring structure, are 
derived from quinolones. Some quinobenzoxazines show excellent antineoplastic activities 
(Chu and Maleczka Jr., 1987; Chu et al., 1994); however, only a limited number of 



quinobenzoxazine derivatives have been syntl 
have not been thoroughly investigated. 

In studying the anticancer function of th 
proposed a model of quinobenzoxazine self-asj 
1996). On the basis of this modeL the inventors 
pyridobenzophenoxazines, pyrridonaphthor>heno: 



1, and their structure-activity relationships 



a series of novel quinobenzoxazines, 



compounds exhibit 



which showed excellent anticancer activity. In particular, the syntl 
higher DNA binding affinities and greater DNA unwinding abilities in the qui 
self-assembly model. 

To study the structure-activity relationships of these compounds, a large number of 
derivatives is needed. Traditional solution-phase, one-by-one synthesis of these compounds is 
inefficient and highly limited by human resources. To solve this problem, a solid-phase 
synthesis technique was developed to make large libraries of these compounds in parallel or 
combinatorial fashion. 



If Klli* 



Organic synthesis on solid support has many advantages. First, isolation of support- 
d reaction products is accomplished simply by washing away reagents from support-bound 
rial so that reactions can be driven to completion by use of excess reagents. Second, 
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innovative methods are available for the manipulation of discrete compounds when compounds 
are attached to a solid support Third, solid-phase synthesis makes it easier to generate large 
libraries of compounds using existing automation technologies. Therefore, the use of solid- 
phase synthesis and combinatorial chemistry to generate small molecule libraries has rapidly 
become a major frontier in organic and medicinal chemistry. 

Two solution-phase synthetic routes have been reported for the quinobenzoxaanes (Chu 
and Maleczka Jr., 1987; Radl and Zikan, 1989). Additionally, there also is a solid-phase 
synthesis procedure for quinolones (MacDonald et al, 1996) as well as for fluoroquinolones; 
however, there are no solid phase synthetic routes for making libraries of the 
quinobenzoxazines or their analogues. To fill the need for reliable solid-state synthesis 
methods for these compounds, the inventors have provided a new solid-phase synthesis 
technique capable of producing a large number of quinoberizoxazme analogues more efficiently 
that the previously available solution-phase techniques. 
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by a transesterifi 



a the new synthesis is to load s 

i or acylation reaction, which produces a solid-bound ester. For example, 
one may employ a Wang resin as a solid support (see FIG. 4A and FIG. 4B). If it is desired to 
maintain the ester bond between the compound and the solid support, the solid support must be 
compatible with the protective groups to be utilized during the rest of the synthesis process. 
For example, if the protective group used for peptide synthesis is to be Teoc, the Wang resin 
serves as a compatible support because use of a fluoride ion to deprotect the amino group will 
not affect the support Likewise, if the protective group tBoc is used, the solid support must 
maintain its integrity under acidic conditions, and if the protective group Fmoc is utilized, the 
solid support should be selected to withstand basic conditions. 

Carboxy acetophenones such as ethyl 2J.4^-tetrafluoroberrzoylacetate may be loaded 
on a resin by a transesterification reaction in the presence of a catalytic amount of 4- 
dimethylarriinopridme to produce a solid-bound ester 
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4.4 



Generati n of Enamin. ketoester 

Once the solid bound ester is prepared, a solid bound enaminoketoester is formed to 
serve as a branch point from which diversified chemical scaffolds may be synthesized. The 
enaminoketoester may be produced by treatment of the solid bound ester with a dimethyl 
foimamide dimethyl acetal. After a brief wash step, the resin is treated with ^hydroxy aniline 
derivatives (for example, a compound of formula III in FIG. 4A) to generate the resin-bound 
enaminoketoester, a compound of formula IV in FIG. 4A 

4.5 Formation of Tetracyclic Scaffold 

Quinobenzoxazines are structured around a fused tetracyclic "base". This base is 
synthesized during the disclosed process via a double cyclization step using an inorganic or 
organic base, TMG, to form the fused tetracyclic-ring system (a compound of formula V in 
HG. 4A). The inventors contemplate that a variety of scaffolding may be constructed in this 
manner, however, the exact scaffolding will be determined by the type of enaininoketoester 
formed in the previous step. 



4.6 Formation of Qninobenzoxazine 

After construction of the tetracyclic scaffold, quinobenzoxazine analogues are 
synthesized by regio-specific substitution of fluorines by cyclic nitrogeneous bases. 
20 Nucleopbilic substitution of the fluorine at position 7 by a nitrogen^ntaining base generates 
the quinobenzoxazine analogues (compounds of VIII and DC in FIG. 4A). 

4.7 Qninobenzoxazine Analogue Formation 

Once the qumobenzoxazine is made, it can be further derivatized by deprotection of the 
25 benzy lie amino group and coupling with an amino acid, acylating agent, alkylating agent, 
other compounds that increase the anticancer or antibiotic activity of the compounds. 



or 



4.8 Monitoring the Synthesis 

The synthesis steps were monitored by gel-phase 19 F NMR and I3 C NMR, which helped 
30 to optimize the reaction conditions. Since all the synthetic intermediates contained fluorine 
atoms, gel-phase ,9 F NMR and °C NMR techniques were developed to monitor the reaction 
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J" 0 ^- 1 ne siaran g A3,4,5-tetralluorobenzolacetate sh wed two sets of four peaks due to 
the enolization of the 0-ketoester. The enaminoketoester showed one set of four peaks that is 
different from the starting material. After the double cyclization, only two peaks were 
observed. The nucleophilic substitution generated a product with only one ,9 F NMR signal. 
The deprotection of the benzylic amino group can be monitored by the 13 C NMR of the silyl 
group at about 0 ppm. 
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4.9 Application of Solid-Phase Synthesis to Additional Related Compounds 

The new solid-phase synthesis of quinobenzoxazines can be applied to other related 
qumobenzoxazines. FIG. 4B shows an example of solid-phase synthesis of phenanthrene-fused 
qumobenzoxazine analogues. 2-Animo-9,10-dmydrophcnanthren-3H>l or 2-aminophenanthren- 
3-ol, instead of 2-hydroxyaniline (a compound of formula in wherein R 2 = H), is conjugated to 
the resin-bound 0-ketoester (a compound of formula H in FIG. 4B) to give resin-bound 
enaminoketoester (XIV), which is cyclized using 1,133-tetramemylguamdine to generate 1,2- 
dmuoioquinobenzoxazine (XV). The resulting tetracyclic scaffold is further derivatized by 
regie-selective substitution with pyrrolidine (TV) followed by resin cleavage reaction with 50% 
trifluoroacetic acid in dichloromethane to give the final product (XVI11) in the same manner as 
sections 4.3-4.8. In FIG. 4A, the R 2 group could be the alkyl group, acyl group, alkylating 
group, and peptides that are useful in building large libraries of quinobenzoxazine analogues as 
DNA intercalators having DNA alkylating agents and DNA groove binders. This method is not 
limited to FIG. 4A and FIG. 4B. A number of other derivatives such as (XXII) and acid- 
insensitive 1 .2-hydroxyamine analogues could be synthesized using this solid-phase synthesis. 



4.9.1 Solution Phase Synthesis of Benzo-Annulated and Di-Benzofbran-Conjugated 
Quinobenzoxazines (FIG. 4C and FIG. 4D) and Alkylating Bromoaceryl-Conjugated 
Quinobenzoxazine (FIG. 4E) 

Novel compounds with increased ability to unwind duplex DNA and inhibit human 
topoisomerase II catalytic activity were designed and synthesized based on the 
quinobenzoxazine self-assembly model. The end products, as well as some interm**^ c f 
the synthesis are novel compounds, with the end products being of a. group termed 
pyridobenzopheiwxazines. The synthesis of these compounds, began with a 
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caiDoxyaceiopnenone, 2,3,4,5-tetrafluorabenzoyI acetate prepared according to the literature 
(Chu and Malezka, Jr., 1987). 

Hie aminoketoacid was then treated with sodium hydride by increasing reaction 
temperatures to reflux in THF to complete the double annulation. This step avoided the 
protection and deprotection of the hydroxy! group as in the synthesis of quinobenzoxazme (Chu 
and Maleczka, Jr., 1987), and therefore shortened the synthetic route by three steps and 
improved overall yields. 

Nucleophilic substitution of the fluoride of compounds 8, 9, and 10 (FIG..4C), 
reflectively with racemic or optically pure 3-^-butoxycarbonyIamino pyrrolidine 
followed by hydrolysis of the carboxylate and deprotection of the amino group to yield the final 
product. 

Using similar chemistry to that shown in FIG. 4C and FIG. 4D, the alkylating bromo- 
acetyl-conjugated quinobenzoxazine 22 was synthesized (FIG. 4E). 
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4.10 Quinobenzoxazine Analogues 

As shown in FIG. 4C and FIG. 4D, the newly designed quinobenzoxazine analogues are 
from the parent class of quinobenzoxazines by either having beijzo-annulated ring 
systems or extended side chains. These add-on portions are expected to increase their DNA 
binding afimities and/or unwinding abilities. The parent compounds, including the 
quinobenzoxazmes, qumobenzothiazines, and pyrido-acridine derivatives described herein, are 
novel and may be synthesized by a solid-state synthetic method, rather than by solution 
synthetic dKanistry. Exemplary analogues include pyridobenzophenoxazines. 
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30 



4.11 Pyridobenzophenoxazines 

Several novel pyridobenzophenoxazine compounds have been designed and synti 
based on the qmnobenzoxazine self-assembly model on DNA. The compounds unwind duplex 
DNA and inhibit human topoisomerase JJ catalytic activity. Furthermore, they show potent 
mbibitory effects on several tumor cell tines with ICjo values in the micromolar range. 

The series of pyridober^pherujxazmes that have been designed and synthesized as 
topoisomerase II inhibitors are shown in FIG. 3. The design was based on the 2:2 
qumobenzoxazinerMg 2 * self-assembly model for quinobenzoxazine A-62176. In this model 
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tbe benzene ring of A-62176 jmercalates into DNA and binds with DNA by '-' stacking with 
DNA base pairs. Additional stabilization is achieved by the chelation of two magnesium ions 
with the Ncetoacid, the amino group of the side chain, and a phosphate oxygen of the DNA 
backbone. Better intercalation may be achieved by extending the ring of A-62176 to a 
naphthalene ring. 

■ 

Since the exact orientation of the benzene ring between DNA base pairs is uncertain, all 
three possible directions of benzo-annulation were explored to achieve the maximum '-stacking 
interaction with DNA base pairs. Compounds of formulas XXI, XXII, and XXHI (wherein B = 
piperazin-l-yl) in FIG. 4C have a piperazine ring instead of a 3-aminopyrrolidine ring as side 
chains. Since the 3-amino group of A-62176 is proposed to chelate magnesium, the change 
may have some effect on its self-assembly on DNA and therefore, its topoisomerase H 
inhibition. For A-62176, the stereochemistry of the 3-aminopyriolidme side-chain has effects 
on its topoisomerase n inhibition. The S-isomer is more potent than the R-isomer. To study 
the possible effects of the stereochemistry of the pyridobenzopheiK,xazmes, the compounds 
were either racemic or enatiomerically pure. The synthetic procedure was based on a hterature 

i (Chu and Maleczka, Jr., 1987). 
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4.12 Quinol 
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Agents 




are derived from quinolones, which are a class of potent, broad 

quinobenzoxazines have exhibited 
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ammeoplastic activity. Synthesis of additional antineoplastic 
nunimal, as has the study of the range of anticancer activity thes 
variety of synthetic quinobenzoxazines an 



Hi* I 



naiogues mat display an increased ability to 
unwind DNA and to bind to DNA would present valuable tools to molecular biology, 

chemotherapy. To meet this expectation and 
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chemistry, 

agents claimed in this invention, the inventors conducted a series of tests to evaluate the 
mecfcmism of action that these compounds exert and to detemrine the range of anticancer 
activity they may possess. 

As a reference point, the inventors studied the quinobenzoxazine A-62176 {\-^- 

^fl" 01 ^* 04 ^^ acid), 
ibacterial fluoroquinolones, which is active in vitro and in vivo a 



developed fi 
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Example 1: Tel merase Inhibition by NJT-bis(2-diinethylaminoethyl>-3,4A10- 
perylenetetracarboxylic acid diimide 

Selection of W-bis(2-<liinetoylai^^ arid 

5 diimide as a potential telomerase inhibitor was determined by Method (B) as described in 
Example 2. 



HOMe^N 




NMerHQ 



» 



The relative inhibition of human telomerase by NJvT-bis(2-dimemylaminoethyI)- 
3,4,9, 1 0-perylenetetracarboxylic acid diimide was determined in a standard primer extension 
assay that does not use a PCR™-based amplification of the telomerase primer extension 
products. Briefly, the 18-mer telomeric primer drTTAGGGfe (1 uM) without or with N,N*- 
bis(2-dimemylaininoetbyl)-3A9,l()-peryleneteta acid diimide was elongated with 

human telomerase in the presence of 1.5 uM of [ct- 32 P]-dGTP (800 Ci minor 1 , 10 mCi ml" 1 ) 
with I mM dATP and 1 mM dTTP. The extension products were isolated and visualized by 
autoradiography after denaturing gel electrophoresis. 

I to be 50 uM, and at 100 uM of NJ»T-bis(2- 
dimemylanimc^yl>3 5 4,9,l 0-perylenetetrac^ acid diimide there is an almost complete 
inhibition of telomerase activity. W-bis(2-piperdino^^ 
acid diimide and 3 showed similar behavior. 




2HCI 
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Example 2: Screening Assays f r Telomerase 

Compounds that inhibit telomerase are potential drugs for the treatment of cancer. The 
method selects compounds based upon ability to interact with the human DNA-G-quadruplex. 
Several procedures for detecting this interaction include: 

(A) A three dimensional structure of a candidate compound will be analyzed to 
determine their degree of complementarity to the three-dimensional structure of human 
telomeric DNA G-quadruplex. The NMR solution structure of 
d(AGGGTTAGGGTTAGGGTTAGGG) [pdb entry 143d] and its corresponding molecular 
surface, generated with the ms program, were used as inputs to the SPHGEN program. The 
resulting sphere cluster was used as input to DOCKv2.0 and a subset of the Cambridge 
crystaUographic database was search using the contact scoring algorithm. N,N*-bis(2- 
dmemylaininoetoyl)-3,4^ acid dihnide ^ found to have one of 
the highest contact scores in the -2000 compounds examined. 

(B) Compounds may be selected for their ability to interact with human DNA G- 
quadruplex as indicated by UV/VTS spectroscopy. To a 10 uM solution of N,N-bis(2- 
dmethylaminoethyl)^ acid diimide in 20 mM phosphate buffer 
containing 100 mM KC1, pH 7.0 in a quartz cuvette was added 10 uL aliquots of a 3 mM 
solution of d(TTAGGGT)4. After each addition the UV/VTS spectrum was recorded. 
Pronounced changes in the UV/VTS spectrum of the compound were noted at wavelengths 488 
mn (-40 % hypochromichy), 510 nm -50 % hyperchromicity), and 548 nm (-200 % 
hyperchromicity). 

(C) Compounds may be selected for their ability to interact with human DNA G- 
quadruplex as indicated by NMR spectroscopy. The imino proton spectrum (9-12 ppm) of a 
solution of d(TTAGGG)4 in D20/H20 (10:90) was determined at 500 MHz. Aliquot ofN^sP- 
bis(2-piperdinoemyl)-3,4,9,10-peiylenetetracar^ 

proton spectrum recorded. At an overall stoichometry of 1:1 the G6 imino n 
significantly broader and shifts >02 ppm upfield. 

(D) Compounds may be selected for their ability to interact with human DNA g- 
quadruplex as indicated by an increase in the melting temperature of the G-quadruplex 

uration of the parall 1 four-stranded G-quadruplex structure 
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4.13 Telomerase Inhibiti nr. 

The cellular process involving maintenance of chromosome telomere length by 
telomerase activity was recently discovered as a new potential target for chemotherapy. Some 
of the newly developed agents also showed inhibition of human telomerase in an in vitro 
telomerase assay. Preliminary results from Taq polymerase primer extension assay and NMR 
titration suggest that some of the agents inhibit human telomerase activity by interacting with 
G-quadruplexes of human telomeres. The inventors contemplate that the quinobenzoxazines of 
the instant invention may serve as telomerase inhibitors. This additional mechanism of action 
will complement and augment the topoisomerase n inhibitory capabilities of the compounds to 
produce more potent antineoplastic compounds. 

Telomerase inhibition assay results are shown in FIG. 6. The assay used crude HeLa 
cell extract as the source of human telomerase. It measures the incorporation of 32 P-labeIed 
dGTP into the primer extension of human telomere synthesis (Sun et al., 1998). These results 
indicate that many of the claimed oenzo-annulated compounds are potent telomerase inhibitors. 
Again, it is contemplated that many of the compounds exhibiting telomerase inhibitory activity 
also possess the capacity to inhibit topoisomerase II activity. Specific examples of such dual- 
acting compounds include compounds 2b and 2a (FIG. 3). 

4.14 Application of the 2:2 Drng:Mg 2+ Model for the Design of New Antibiotic Agents 
Hie 2:2 drugiMg dimer model can be used equally well to predict that combining two 

different fluoroquinolones, one optimized for the intercalation role and the other for the external 
binding mode, will result in novel pairs of drugs useful in treating antibacterial infections. 
Because bacterial gyrase is also a type II topoisomerase, it is likely that these compounds will 
interact in like feshion with gyrase. This being the case, the pairs of different fluoroquinolones 
will present a useful means of controlling the proliferation of bacterial cells. 

4.15 P h a rmace utical Formulations and Administration 

The invention further comprises the therapeutic treatment of a wide variety of cancers 
by die administration of an effective dose of one or more quinobenzoxazine analogs, 
pyridobenzophenoxazines, pyrridonaphthophenoxazines and other related compounds. These 
compounds also have antibiotic properties and hence the invention also comprises the treatment 
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of bacterial, fungal and parasitip diseases. Where clinical applications are contemplated, it will 
be necessary to prepare pharmaceutical compositions of drugs in a form appropriate for the 
intended application. Generally, this will entail preparing compositions that are essentially free 
- of pyrogens, as well as other impurities that could be harmful to humans or animals. 

The phrase "pharmaceutical^ or pharmacologically acceptable" refer to molecular 
entities and compositions that do not produce adverse, allergic, or other untoward reactions 
when administered to an animal or a human. As used herein, "pharmaceutical^ acceptable 
earner" includes any and all solvents, dispersion media, coatings, antibacterial and antifungal 
agents, isotonic and absorption delaying agents and the like. The use of such media and agents 
for pharmaceutical^ active substances is well know in the art Supplementary active 
ingredients also can be incorporated into the compositions. 

The active compositions of the present invention may include classic pharmaceutical 
preparations. Administration of these compositions according to the present invention will be 
via any common route so long as the target tissue is available via that route. This includes oral, 
nasal, buccal, rectal, vaginal or topical. Alternatively, administration may be by orthotopic, 
intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous injection. Such 
compositions would normally be administered as pharmaceutical^ acceptable compositions, 
described supra. A preferred route is direct intra-tumoral injection, injection into the tumor 
vasculature or local or regional administration relative to the tumor site. 

The active compounds may also be administered parenteral^ or inlraperitoneally. 
Solutions of the active compounds as free base or pharmacologically acceptable salts can be 
prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. 
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof 
and in oils. Under ordinary conditions of storage and use, these preparations contain a 
preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or 
dispersions and sterile powders for the extemporaneous preparation of sterile injectable 
solutions or dispersions. In all cases the form must be sterile and must be fluid to the extent 



that easy syringability exists. It must be stable under the conditions of manufecture and storage 
and must be preserved against the contaminating action of microorganisms, such as bacteria 
and fungi. The carrier can be a solvent or dispersion medium containing, for example, water, 
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ethanol, polyol (for example;, glycerol, propylene glycol, and liquid polyethylene glycol, and 
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, 
for example, by the use of a coating, such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of surfactants. The prevention of the action 
of microorganisms can be brought about by various antibacterial an antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a sterile vehicle which contains the 
basic dispersion medium and the required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile injectable solutions, the preferred 
methods of preparation are vacxiunMhying and freeze-drying techniques which yield a powder 
of the active ingredient plus any additional desired ingredient from a previously sterile-filtered 
solution thereof 

As used herein, -phaTmaceuticaUy acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 
agents and the like. The use of such media and agents for pharmaceutical active substances is 
well known in the art Except insofar as any conventional media or agent is incompatible with 
the active ingredient, its use in the therapeutic compositions is contemplated. Supplementary 
active ingredients can also be incorporated into the compositions. 

For oral administration the compounds developed in the present invention may be 
incorporated with excipients and used in the form of non-ingestible mouthwashes and 
dentifrices. A mouthwash may be prepared incorporating die active ingredient in the required 
amount in an appropriate solvent, such as a sodium borate solution (Dobell' 
Alternatively, the active ingredient may be incorporated into an antiseptic was! 
sodium borate, glycerin and potassium bicarbonate. The active ingredient may also be 
dispersed in dentifrices, including: eel* n»«t»c ~i 

lne active ingredient 
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may be added in a therapeutically effective amount to a paste dentifiice that may include water, 
binders, abrasives, flavoring agents, foaming agents, and humectants. 

The compositions of the present invention may be formulated in a neutral or salt form. 
Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino 
groups of the protein) and which are formed with inorganic acids such as, for example 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases 
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. 

Upon formulation, solutions will be administered in a manner compatible with the 
dosage formulation and in such amount as is therapeutically effective. The formulations are 
easily administered in a variety of dosage forms such as injectable solutions, drug release 
capsules and the like. For parenteral administration in an aqueous solution, for example, the 
solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic 
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for 
intravenous, intramuscular, subcutaneous and intraperitoneal adnmiistratkm. In this 
connection, sterile aqueous media which can be employed will be known to those of skill in the 
art in light of the present disclosure. For example, one dosage could be dissolved in 1 ml of 
isotonic NaCI solution and either added to 1000 ml of hypodermoclysis fluid or injected at the 
proposed site of infusion, (see for example, Ttemington's Pharmaceutical Sciences" 15th 
Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur 
depending on the condition of the subject being treated. The person responsible for 
administration will, in any event, determine the appropriate dose for the individual subject 
Moreover, for human administration, preparations should meet sterility, pyrogemcity, general 
safety and purity standards as required by FDA Office of Biologies standards. 



4.16 Therapies 

One of the major challenges in oncology today is the effective treatment of a given tumor. 
Tumors are often resistant to traditional therapies. Thus, a great deal of effort is being directed at 
30 finding efficacious treatment of cancer. One way of achieving this is by combining new drugs 
with the traditional therapies and is discussed below. In the context of the present invention, it is 
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contemplated that therapies directed against topoisomerases and telomerases could be used in 
conjunction with surgery, chemotherapy, radiotherapy and indeed gene therapeutic intervention. 
It also may prove effective to combine therapies targeted to topoisomerases and telomerases with 
antisense or immunotherapies directed toward tumor markers) or other oncogenes or 
5 oncoproteins. 

"Effective amounts" are those amounts of a candidate substance effective to 
reproducibly decrease, reduce, inhibit or otherwise abrogate the growth of a cancer cell in 
comparison to levels in untreated cells. "Effective amounts" are also those amounts of a 
candidate substance effective to reproducibly decrease, reduce, inhibit or otherwise abrogate the 

10 growth of a bacterial or fungal cell in comparison to levels in untreated cells. 

It is envisioned that the qirinobenzoxazine analogs, pyridobenzophenoxazines, 
pyrridonaphthophenoxazines and other related compounds will provide therapy for a wide 
variety of tumors and cancers including skin cancers, connective tissue cancers, adipose 
cancers, breast cancers, lung cancers, stomach cancers, pancreatic cancers, ovarian cancers, 

15 cervical cancers, uterine cancers, anogenital cancers, kidney cancers, bladder cancers, colon 
cancers, prostate cancers, central nervous system (CNS) cancers, retinal cancer, blood and 
lymphoid cancers. Since these compounds are also capable of interacting and inhibiting 
bacterial type II topoisomerases, also called DNA-gyrases, they are useful as antibiotics for die 
treatment of bacterial and fungal diseases as welL 

20 

OX Combination Cancer Therapies 

To kill cells, inhibit cell growth, inhibit metastasis, inhibit angiogenesis or otherwise 
reverse or reduce the malignant phenotype of tumor cells, the methods of standard therapy 
discussed below are generally insufficient as tumors are often resistant to several of these agents. 

25 Often combining a host of different treatment methods prove most effective in cancer therapy. 
Further, several AIDS afflicted patients have a higher risk of developing cancers. Combination 
therapy in these cases is required to treat AIDS as well as the cancer. Using the methods and 
compounds developed in the present invention, one would generally contact a "target" cell with a 
quinobenzoxazine analogs and at least one other agent These compositions would be provided in 

30 a combined amount effective to kill or inhibit proliferation of the cell. This process may involve 
contacting the cells with the topoisomerase-II and/or telomerase based therapy and the other 
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agent(s) or factors) at the same time. This may also be achieved by contacting the cell with a 
single composition or pharmacological formulation that includes both agents, or by contacting the 
cell with two distinct compositions or formulations, at the same time, wherein one composition 
includes the topoisomerase-II or telomeiase based therapy and the other includes the agent 

Alternatively, the quinobenzoxazine analogs may precede or follow the other agent 
treatment by intervals ranging from minutes to weeks. In embodiments where the other agent and 
topoisomerase-II and/or telomerase-based therapy are applied separately to the cell, one would 
generally ensure that a significant period of time did not expire between the time of each delivery, 
such that the agent and topoisomerase and/or telomerase-based treatment would still be able to 
exert an advantageously combined effect on the cell. In such instances, it is contemplated that one 
would contact the cell with both modalities within about 12-24 h of each other and, more 
preferably, within about 6-12 h of each other, with a delay time of only about 12 h being most 
preferred. In some situations, it may be desirable to extend the time period for treatment 
significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks ( 1 , 2, 3, 4, 5, 6, 7 or 
8) lapse between the respective administrations. 

It also is conceivable that more than one administration of either topoisomerase and/or 
telomerase-based treatment or the other agent will be desired. Various combinations may be 
employed, where the topoisomerase-II and/or telomerase-based treatment is "A" and the other 
agent is "B", as exemplified below: 

A/B/A B/A/B B/B/A A/A/B B/A/A A/B/B B/B/B/AB/B/A/B 

A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A 

A/A/A/B B/A/A/A A/B/A/A A/A/B/A A/B/B/B B/A/B/B B/B/A/B 

Other combinations are also contemplated. Again, to achieve cell killing, both agents are 
delivered to a cell in a combined amount effective to kill the celL 



The invention also encompasses the use of a combination of one or more DNA damaging 
agents, whether chemotherapeutic compounds or radiotherapeutics as described in the section 
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above, together with the quiriobenzoxazine analogs. The invention also contemplates the use of 
the quinobenzoxazinc analogs in combination with surgical removal of tumors to treat any 
remaining neoplastic or metastasized cells. Further, immunotherapy may be directed at tumor 
antigen markers that are found on the surface of tumor cells. The invention also contemplates the 
use of quinobenzoxazinc analogs in combination with gene therapy, directed toward a variety of 
oncogenes, such as, tumor markers, cell cycle controlling genes.. 

The other agent may be prepared and used as a combined therapeutic composition, or kit, 
by combining it with the qumobenzoxazines, pyridobenzophenoxazines, 
pyrridonaphthophenoxazines, and other related compounds developed in this invention as 
described above. The skilled artisan is directed to "Remington's Pharmaceutical Sciences" 15th 
Edition, chapter 33, in particular pages 624-652. Some variation in dosage will necessarily occur 
depending on the condition of the subject being treated. The person responsible for 
adnmustration will, in any event, determine the appropriate dose for the individual subject 
Moreover, for human administration, preparations should meet sterility, pyrogenicity, general 
safety and purity standards as required by FDA Office of Biologies standards. 

It is proposed that the regional delivery of quinobenzoxazines, pyridobenzophenoxazines, 
pyrridonaphthophenoxazines, and other related compounds to patients with tumors will be a 
very efficient method for delivering a therapeutically effective chemical to counteract the clinical 
disease. Similarly, other chemotherapeutics, radiotherapeutics, gene therapeutic agents may be 
directed to a particular, affected region of the subjects body. Alternatively, systemic delivery of 
quinobenzoxazines, pyridobenzophenoxazines, pyrridcoaphmophenoxazines, and other related 
compounds and/or the agent may be appropriate in certain circumstances, for example, where 
extensive metastasis has occurred. 

It also should be pointed out that any of the standard or other therapies may prove useful 
by themselves in treating a cancer. In this regard, reference to chemotherapeutics and 
qumobenzoxazine treatment in combination should also be read as a contemplation that these 
approaches may be employed separately. 

When such combination therapy is employed for the treatment of a tumor, the cytotoxic 
agent may be administered at a dosage known in the art u> be effective for treating the tumor. 
However, the topoisomerase-II or G-quadruplex interaction compounds may produce an 

■ 

additive or synergistic effect with a cytotoxic agent against a particular tumor. Thus, when 
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such combination antitumor therapy is used, the dosage of the topoisomerase and/or G- 
quadruplex interaction compounds administered may be less than that administered when the 
cytotoxic agent is used alone. Similarly, for patients afflicted by AIDS, AZT/protease 
inhibitors will be used with the topoisomerase-II and/or G-quadrupIex interaction compounds, 
or other herein mentioned therapeutic agent(s). Again the dosage of the quinobenzoxazines, 
pyridobenzophenoxazines, pynidonaphthophenoxazines, and other related compounds 
compounds developed herein or other conjunctively utilized agent, may be altered to suit the 
AIDS treatment 

Preferably, the patient is treated with topoisomerase-II and/or G-quadruplex interaction 
compounds for about 1 to 14 days, preferably 4 to 14 days, prior to the beginning of therapy 
with a cytotoxic agent, and thereafter, on a daily basis during the course of such therapy. Daily 
treatment with the qumobenzoxazine analogs can be continued for a period of, for example, 1 to 
365 days after the last dose of the cytotoxic agent is administered. This invention encompasses 
the use of topoisomerase-II and/or telomerase inhibitors-based cancer therapy for a wide variety 
of tumors and cancers affecting skin, connective tissues, adipose, breast, lung, stomach, 
pancreas, ovary, cervix, uterus, kidney, bladder, colon, prostate, anogenital, central nervous 
system (CNS), retina and blood and lymph. 



(n). Standard Therapies 

Described herein are the therapies used as standard or traditional methods for treatment of 
cancers. The section on chemotherapy describes the use of the compounds developed in the 
present invention as chemotherapeutic agents in addition to several other well known 
chemotherapeutic agents. As detailed in the section above, all the methods described below can 
be used in combination with the compounds developed in the present invention. 

a. Chemotherapy: A variety of chemical compounds, also described as 
"chemotherapeutic agents", function to induce DNA damage, are used to treat tumors. 
Chemotherapeutic agents contemplated to be of use. include, adriamycin, 5-fluorouracil (5FU), 
etoposide (VP- 16), camptothecin, actmomycin-D. mitomycin, cisplatin (CDDP), hydrogen 
peroxide, carbopiatm, procarbazine, mechlorethamine, cyclophosphamide, if osfami de, 
melphalan, chlorambucil, bisulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin, 
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bleomycin, plicomycin, tamoxifen, taxol, traiisplatinum, vincristin, vinblastin and methotrexate 
* to mention a few. 

Agents that damage DNA include compounds that interfere with DNA replication, mitosis 
and chromosomal segregation. Such chemotherapeutic compounds include adriamycin, also 
known as doxorubicin, etoposide, verapamil, podophyllotoxin, and the like. Widely used in a 
clinical setting for the treatment of neoplasms, these compounds are administered through bolus 
injections intravenously at doses ranging from 25-75 mg/m 2 at 21 day intervals for adriamycin, to 
35-50 mg/m 2 for etoposide intravenouslyor double the intravenous dose orally. 



damage 
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30 



agents that have undergone extensive testing and are readily available. 5-fluorouracil (5-FU), is 
one such agent that is preferentially used by neoplastic tissue, making it particularly useful for 
targeting neoplastic cells. Thus, although quite toxic, 5-FU, is applicable with a wide range of 
carriers, including topical and even intravenous administrations with doses ranging from 3 to 15 
mg/kg/day. 

Agents that directly cross-link nucleic adds, specifically DNA are envisaged to facilitate 
DNA damage leading to a useful antineoplastic treatment For example, cisplatin, and other DNA 
alkylating agents may be used. Cisplatin has been widely used to treat cancer, with efficacious 
doses used in clinical applications of 20 mg/m 2 for 5 days every three weeks for a total of three 
courses. Cisplatin is not absorbed orally and must therefore be delivered via injection 
intravenously, subcutaneously,intratumorally or mtraperitoneauy. 

The topoisomerase-H and/or G^uadruplex inhibitor compounds developed in this 
invention are chemotherapeutic agents that are cytotoxic by their abilities to inhibit 
topoisomerase-n and/or telomerase function which are critical for cell replication and 
maintenance of tumor cell immortality. These compounds also indirectly inhibit DNA 
polymerases by their strong interactions with topoisomerase-n and DNA G-quadruplex structures 
in telomeres and gene promoters. 

b. Radiotherapy: Radiomerapeutic agents and factors include radiation and waves 
that induce DNA damage for example, y-irradiation, X-rays. UV-irradiation, nticrowaves, 
electronic emissions, radioisotopes, and the like. Therapy may be achieved by irradiating the 
localized tumor site with the above described forms of radiations. It is most likdy that all of these 
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factors effect a broad range of damage DNA, on the precursors of DNA, the replication and repair 
of DNA, and the assembly and maintenance of chromosomes. 

Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for prolonged 
periods of time (3 to 4wk), to single doses of 2000 to 6000 roentgens. Dosage ranges for 
radioisotopes vary widely, and depend on the half-life of the isotope, the strength and type of 
radiation emitted, and the uptake by the neoplastic cells. 

c. Surgery: Surgical treatment for removal of the cancerous growth is generally a 
standard procedure for the treatment of tumors and cancers. This attempts to remove the entire 
cancerous growth. However, surgery is generally combined with chemotherapy and/or 
radiotherapy to ensure the destruction of any reniaining neoplastic or malignant cells. 

d. Gene Therapy: Gene therapy based treatments targeted towards oncogenes such 
as p53, pl6, p21, Rb, APC, DCC, NF-1, NF-2, BCRA2, pl6, FHJT, WT-1. MEN-I, MEN-H, 
BRCA1, VHL, FCC MCC, ras, myc, neu, rqf.erb, src,fins,jm, trk, ret gsp. hst. bclandabl, 
which are mutated versions of their normal cellular counterparts in cancerous tissues. 

4.17. Screening for Anti-cancer and Anti-biotic Activity 

In particular embodiments, one may test the inhibitors by measuring their ability to 
inhibit growth of cancer cells, to induce cytotoxic events in cancer cells, to induce apoptosis of 
the cancer cells, to reduce tumor burden and to inhibit metastases. For example, one can 
measure cell growth according to the MTT assay. A significant inhibition in growth is 
represented by decreases of at least about 30%-4O% as compared to uninhibited, and most 
preferably, of at least about 50%, with more significant decreases also being possible. Growth 
assays as measured by the MTT assay are well known in the art Other assays to measure cell 
death, apoptosis are well known in the art, for example, Mosmarm et aL , 1 983; Rubinstein et 
aL t 1990 (incorporated herein by reference). Similar assays to measure antibiotic properties to 
kill bacterial and fungal cells are also well known in the art. 

Quantitative in vitro testing of the anti-tumor or antibiotic agents identified herein is not 
a requirement of the invention as it is generally envisioned that the agents will often be selected 
on the basis of their known properties or by structural and/or functional comparison to those 
agents already demonstrated to be effective. Therefore, the effective amounts will often be 
those amounts proposed to be safe for administration to animals in another context. 
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tetramethylethylenediamine was from Fisher. T4 polynucleotide kinase, Drosophila 
topoisomerase II, and [y- 32 P]ATP were purchased from Amersham. 



5.4 Preparation and End-Labeling of Oligonucleotides 

80-base oligonucleotides for the topo II studies were synthesized on an Expedite 8900 
Nucleic Acid Synthesis System (PerSeptive Biosystems) using the phosphoramidite method. 
The oligonucleotides were eluted out of the column by aqueous ammonia and deprotected at 75 
°C for 1 hr, followed by a 12% denaturing polyacrylamide gel purification. The 5 '-end-labeled 
single-stranded oligonucleotides were obtained by kination reaction using T4 polynucleotide 

1 • __J r . 32tvi i l*n, . . . . 
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5*5 Topo II Cleavage Reactions 

5' P-labeled DNA was incubated with Drosophila topo II in 20 ^ of a reaction buffer 
[10 mM imidazole-HCl (pH 6.0), 10 mM MgCk 50 mM KC1, and 1 mM ATP] at 30°C for 10 
min in the presence of various amounts of A-621 76. Reactions were terminated by adding SDS 
to 1%, and topo II was removed by proteinase K digestion (100 ng/ml) at 42°C for 1 hr 
followed by phenol/chloroform extraction and ethanol precipitation. 

« 

5.6 Competition Studies 

5 ' P-labeled DNA was incubated with Drosophila topo II in the same buffer as the one 
in the topo II cleavage reaction in the presence of various amounts of either A-621 76, 
Norfloxacin, or both. The incubation reactions took place at 30°C for 10 min before 10 pM 
(final concentration) of psorospermin was added to the mixtures. The reactions were continued 
for an additional 5 min and then terminated by adding 5 jigof calf thymus DNA, followed by 
heating at 95°C for 15 min. In the presence of piperidine, tins procedure induces strand 
breakage at the drug modification sites (Hansen et al. 9 1996). The samples were subjected to 
phenol/chloroform extraction followed by ethanol precipitation. 
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5.7 Gel Electrophoresis and Quantification 

The samples were loaded n a 12% denaturing sequencing gel. The dried gels were 
exposed on both X-ray film and phosphor screen. Imaging and quantification were performed 
by a Phosphorlmager and ImageQuaNT 4.1 software from Molecular Dynamics. 



5.8 Materials for Biochemistry 

Kinetoplast DNA (KDNA), human topoisomerase II (170 KDa fonn), and DNA 
Unwinding Kit including supercoiled pHOTl DNA, relaxed DNA marker, buffers, and human 
topoisomerase I were purchased from TopoGEN, Inc. Agarose was purchased from Fisher. 
Quinobenzoxazme A-62176 (S-enantiomer) was provided by Abbott Laboratories or prepared 
by published procedure (Chu and Maleczka, Jr., 1987). 



5.9 Decatenation Assay 

025 ug of KDNA was incubated with various concentrations of the quinobenzoxazines 
in a 20-ul reaction mixture containing 50 mM Tris-HCl (pH 8), 120 mM KCL 10 mM MgClj, 
and 0.5 mM each of ATP, drthiothreitol, and 30 mg/ml BSA for 10 min. Two units of human 
topoisomerase II (170 KDa form) were added to the mixture, which was then incubated at 37°C 
for 30 min. The reaction was terminated with 0.1 volume of stop buffer (5% sarkosyl, 0.025% 
bromophenol blue, and 50% glycerol). The decatenation products were analyzed on 1% 
agarose gels run with 0.5 ug/ml ethidium bromide. The gels were scanned by Fluorolmager 
and analyzed by ImageQuaNT software (Molecular Dynamics). 



5.10 DNA Unwinding Assay 

A 22 ul mixture of 025 ug of supercoiled pHOTl DNA, 5 units of topoisomerase I in 
topoisomerase I buffer (provided with the kit) was incubated at 37°C for 30 min. Two ul of 
various concentrations of drug was added, and the incubation was continued for another 30 
min. The reactions were terminated by addition of SDS to 1 %. Proteinase K was added to the 
reaction mixtures to ca. 50 ug/ml, and the reaction mixtures were incubated for 15-20 min at 
56°C. After adding 0.1 volume of 10X gel loading buffer, the reaction mixtures were extracted 
with an equal volume of CIA (Chlorofomrisoamyl Alcohol; 24:1). The samples were loaded 
on an 1% agarous gel that was cast in TPE buffer (36 mM Tris-HCl, pH 7.8, 1 mM EDTA, 30 
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mM NaH 2 P0 4 ) and 0.2 ng/ml Chloroquine. The gel was run in TPE buffer at room 
temperature at 10 volts for 20 h, destained in water for 15 min, stained in 0.05 ug/ml ethidium 
bromide for 1 5 min, and destained again in water for 15 min. The gel was then photographed, 
scanned by Fluorolmager, and analyzed by ImageQuaNT software (Molecular Dynamics). 
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5.1 1 Cancer Cell Growth Inhibition Assays 

Exponentially growing cells in 0.1 ml medium were seeded on Day 0 in 96-well 
microtiter plates. On Day 1, 0.1 -ml aliquots of medium containing graded concentrations test 
agent were added in duplicate to the cell plates. After incubation at 37°C in a humidified 
incubator, the plates were centrifuged briefly (1-2 min at 1000 rpm), and 100 \il of the growth 
medium was removed. Cell cultures were incubated with 50 ul of 3-(4,5-dimemylthiazyl-2-yl> 
2^-diphenyltetrazolium bromide MTT, 1 mg/ml in Dubecco's PBS for 4 h at 37°C. The 
resulting purple formazan precipitate was solubilized with 200 ul of 0.4 N HC1 in isopropyl 
alcohol. Absorbance was quantitated using a Bio-Rad Model 3550 microplate reader at a test 
wavelength of 570 nm and a reference wavelength of 630 nm. Absorbance values were 
transferred to a 486 personal computer, and the IC^ values were determined using the comp 
program EZ-ED50 (Chen et at., 1993). 
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5.12 DNA Synthesis Arrest Assay 

This assay is similar to that described by Han and co-workers (Han et aL, 1999). 
Briefly, primers (24 nM) labeled with [y- 32 P] were mixed with template DNA (12 nM)) in a 
Tris-HCl buffer (10 mM Tris, pH 8.0) containing K + (50 mM for the HT4 template) and 
denatured by heating at 90°C for 5 min. After cooling down to room temperature, 2b was 
added at various concentrations and incubated at room temperature for 15 min. The pri 
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concentration 3 fiM), and Taq DNA polymerase (25 U/reaction, 
products were separated on a 12% polyacryiamide se 
and visualized on a Phosphorlmager (Molecular Dynamic 
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5*13 Telomerase Inhibit! nAssay 

The assay was performed by using 5 '-end biotinylated d[TTAGGG] 3 as the telomere 
primer. Reaction mixtures (20 jil) containing 5 jil cell lysate (S-100), 50 mM Tris-OAc (pH 
8.5), 50 mM K-OAc, 1 mM MgCI 2 , 5 mM BME, 1 mM spermidine, 1 jiM telomere primer, 1.5 
yM [a-^P]-dGTP (800 Ci/mmol), 1 mM dATP, and 1 mM dTTP were incubated at 37 °C for 1 
hr, and the reactions were terminated by adding 20 nl of [ 32 P ATP]-labeied streptavidin-coated 
Dynabeads suspension containing 1 0 mM Tris-HCl (pH 7.5), 1 mM EDTA, 2M KC1, and a 500 
cpm biotinylated internal control. Streptavidin-coated Dynabeads bind selectively to the 
desired target (5 '-biotinylated primer), forming a magnetic bead-targeted complex. The 
complex was separated from the suspension using a Dynal MPC magnet and washed several 
times with 2X SSC buffer containing 0.1% SDS to eliminate [ct- 32 P]-dGTP background. 
Telomerase reaction products were separated from the magnetic beads by protein denaturation 
with 5.7 M guanidine-HCl at 90°C for 30 min. After ethanol precipitation, products were 
resolved on denaturing 1 0% polyacrylamide gel. 

5.14 EXAMPLE I: 

Solid Phase Synthesis of Quinobenzoxazine Analogues (FIG. 4A and FIG. 4B) 

Ethyl 23,4,5-tetrafluorobenzoylacetate (a compound of formula (I) wherein R, = ethyl, 
as shown in FIG. 4A and FIG. 4B) was loaded on the resin (solid support) by a 
transesterification reaction with /vbenzyloxybenzyl alcohol of Wang resin (1) as shown in FIG. 
4A and FIG. 4B. Two equivalents of ethyl 23,4>tetraflu<Mroben2oylacetate to the hydroxy 
group of the resin (1.1 mmol/g) were used, and the reaction was completed by refluxing in 
toluene in the presence of a catalytic amount (5%) of 4-dimethylanunopridine (DMAP) for 
36 h. (The reaction time can be shortened if more equivalents of ethyl 23,4,5- 
tetrafluorobenzoylacetate are used.) The loading level was determined by mass balance and 
elemental analysis of fluorine. 

The solid-bound p-ketoester (a compound of formula (II), shown in FIG. 4A and 
FIG. 4B) was then treated with 2.5 equivalents of dimethylformamide dimethyl acetal in a 
peptide synthesis vessel in THF at 22°C overnight After iemoving the excess reagents and 
washing the resin with dichloromethane, the resin was treated with 2-4 equivalents of various 
o-hydroxy aniline derivatives (a compound of formula (HI) wherein R 2 - 
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CH2NHC02CH2CH2Si(CH3)3 or H, in FIG. 4A and a compound of formula (XIII) wherein Y = 
-CH 2 CH 2 - or -CHCH-, in FIG. 4B) in the presence of two equivalents of pyridine to generate a 
resin-bound enaminoketoester (a compound of formula (IV) wherein R, = 
CH 2 NHC02CH 2 CH 2 Si(CH 3 )3 or H, in FIG. 4A and a compound of formula (XIV) wherein Y = 
-CH 2 CH 2 - or -CHCH-, in FIG. 4B) in THF. This step was a branch point so that diversified 
scaffold could be made. 



The benzylic amino group was protected as a 2-trimethylsilylethyl carbamate (Teoc), 
which was a cross-protection strategy that differentiated this amino group from the /-Boc- 
protected aminopyrrolidine group or other r-Boc-protected amino-group^ntaining bases that 
was introduced later in some cases. A double cyclization step using four equivalents of TMG 
in THF and stirring the mixture at 0-150°C, preferably at 40-70°C, rendered the tetracyclic 
scaffold (a compound of formula (V) wherein R 2 = C^NHCC^CHzCH^O^ or H, in FIG. 
4A and a compound of formula (XV) wherein Y = -CH 2 CH 2 - or -CHCH-, in FIG. 4B). Regio- 
selective nucleophilic substitution of the fluorine by cyclic mtrogerwxrataining bases (a 
compound of formula (TV) wherein A = 3-((/er/-butoxy)carix)nylamino)pyrroUdin- 1 -y 1, 3- 
acetylamidopyrroUdin- 1 -yl or N^/e«-butoxy)carbonylpiperazin-l.yl, in FIG. 4A and 
FIG. 4B) generated the quinobenzoxazine analogues (a compound of formula (VH) wherein R, 
= CH 2 NHC0 2 CH 2 CH 2 Si(CH 3 ) 3 or H, and B = 3-ainmopynohdin-l-yl, 3- 
acetylamidopynoKdin-l-yl or piperazin-l-yl, in FIG. 4A and a compound of formula (XVI) 
wherein Y = -CH 2 CH 2 - or -CHCH-, in FIG. 4B). This was another branch point at which 
different derivatives can be synthesized. 

The benzylic amino group-containing analogues were further derivatized by 
deprotection of the benzylic amino group with tetrabutylamonium fluoride in THF at 0-1 0°C, 
preferably at 10-40°C, to give resin-bound amine (a compound of formula (IX) wherein R 2 = 
CH 2 NH2, in FIG. 5A), and coupling with varieties of amino acids, acylating, alkylating agents 
to give a compound of formula (XI) (wherein R 3 = COCH 3 ). The cleavage of the final products 
from the resin was accomplished by treating the resin with 50% TFA in dichloromethane at 0- 
8°C, preferably 1(M0°C. Trituration of the concentrated TFA solution in ethanoi yielded the 
final products (a compound of formula (Vffl) wherein R 2 = H or add-insenshive alkyl or 
functional group, (XH) wherein B = 3-ammopyrrohdin-l-yl, 3-acetylaniidopyrroUdin- 1 -yl or 
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piperazin-l-yl, in Fig. 5 A and a compound of formula (XVII) wherein Y = -CH 2 CH 2 - or - 
CHCH-, and B = 3-aminopyrrolidin-l -yl, in FIG. 4B) as an amorphous yellow solid. 

Because all the synthetic intermediates of quinobenzoxazines contain fluorine atoms, a 
gel-phase ,9 F NMR and 13 C NMR technique was developed to monitor the reaction processes. 
5 The resin-bound 2,3 ,4,5-tetrafluorobenzoy lacetate (a compound of formula (II)) showed two 
sets of four peaks due to the enolization of the fWcetoester. The enaminoketoester (a compound 
of formula (IV)) showed one set of four peaks that was different from die starting material. 
After the double cyclization, only two peaks were observed as in a compound of formula (V). 
The nucleophilic substitution generated a product (a compound of formula (VII)) with only one 

10 ,9 F NMR signal. The deprotection of the benzylic amino group can be monitored by the l3 C 
NMR of the trimethylsilyl group at about 0 ppm. The sample of gel-phase NMR was typically 
prepared by suspending the resin in a 5% DMSOi^ in M-methylpyrroUdinone for 19 F NMR and 
in deuterated dichloromethane for I3 C NMR. All the solid-phase synthesis steps were 
monitored by the gel-phase l9 F NMR and ,3 C NMR. and the reactions were forced to 

IS completion by adjusting the reaction conditions such as temperature, time, and reagents 
concentrations. The nucleophilic substitution step was the one that led to decreased mass 
balance, because I9 F NMR of die reaction mixture indicated not only a broad peak for the resin 
bound product, but also a single sharp peak for the cleaved product The gel-phase l9 F NMR 
and 13 C NMR also indicated that prolonging the reaction time for the deprotection step of the 

20 benzylic amino group with tetrabutylamonium fluoride would lead to cleavage of the product 
from the resin. 

5.14.1 Wang resin-bound P-ketoester (a compound of formula (II) in FIG. 4A) 

Gel-phase ,9 F NMR (5% DMSO-dtf and N-metylpyrrolidinone): 5 -136.6 (hr, IF), - 
25 138.1 (br, IF), -148.7 (br, IF), -155.1 (hr, IF). 
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5.143 Wang resin-bound 1,2-diflu ro-qnin benzoxazine scaff Id (a compound of 
formula (V) wherein R 2 = CH 2 NHC0 2 CH 2 CH 2 Si(CH 3 )j). 

Gel-phase ,9 F NMR (5% DMSO-J6" and N-metylpyirolidinone): 8 -134.6 (br, IF), - 
1523 (br, IF). 

5 

5.14.4 Wang resin-bound 2-monofluoro-qninobenzoxazine analogues (a compound of 
formula (VH) wherein R 2 = CH 2 SHC0 2 CB 2 CH^Si(CH 3 ) 3 ). 

Gel phase ,9 F NMR (5% DMSO-d6 and N-metylpyrroiidinone): 8 -121 2 (or, IF). 

1 0 1 -<SH3-AcetylammopyiToBdm-l-yI)-2-fmonMj-oxo-4ff.9-acety laminomethyl- 

pyrido[3a,l-kJ]phenoiazine-S-carboxyUc acid TFA salt (a compound of formula (XII) 

wherein B = (SH3-acetylammopyrroKdin-l-yl), R 3 = COCH 3 ): 

Yield = 27 %. l H NMR (DMSO-d*) 8 9.04(s, 1H), 8.44(b. 1H), 8.17(d, J = 6.1 Hz, 1H), 

8.10(b, 1H), 7.92(d, J = 8.1Hz, 1H), 7.45(d, J^, = 13.8 Hz, Iff), 7.07(d, J = 8.1 Hz, 1H), 
15 7.09(s, 1H), 4.2-4.3(bm, 3H), 3.7-3.9(bm, 4H), 2.07(s, 3H), 2.06(b, 1H), 1.83(s, 3H), 1.81(b, 

1H), ,9 F NMR (DMSO-dJ 8 -124(d, = 14.1 Hz), HRMS Calculated for C^H^OjF 

495.1680, found 495.1662. 

MSH3-Acetykmtaopyrrohdm-l-yl)-^ 

20 kj] phen oxazine-5-carboxy lie add TFA salt (a compound of formula (XII) wherein B = 
(SH3-acetylaminopyrroIidin-l-yI), R 3 = H): 

Yield - 34 %. *H NMR (DMSO-d*) 8 9.10(s, 1H), 8.30(b. 4H), 8.09(d, J = 8.7 Hz, 1H), 
7.49(d, J„, = 14.1 Hz, 1H), 737(s, 1H), 7.29(d, J = 8.7 Hz, 1H), 4.30(bm, 1H), 4.00(bm, 2H), 
3.97(b, 1H), 3.84(bm, 1H), 3.74(bm, 2H), 2.07(m, 1H% 1.84 (m. 1H), 1.83(s, 3H), ,9 F NMR 

25 (DMSO-d*,) 8 -124(d, = 11.8 Hz). 

HSH3-Ammopyrrolku^l-ylV2-fluoi^4-oi<>-4g-pvridft{^ I -kJ|phen o»anc -5- 
carboxylic acid TFA salt (a compound of formula (VIII) wherein B ■ (S)-(3- 
aminopyrrolidin-l-yl), R 2 = H): 

30 Yield = 25 %. 'H NMR as presented in reference 2 (Chu and Malezka, Jr.* 1987). 
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l-(SH3-amin p\Trolidii>-l-yl^2-fluoro-4-oio-4^-pyrid [3,2,l-kJ]-8#,9#-naphth [1,2- 
g j ph en oxazin e-5-ca rboxy li c acid TFA salt and HSH3-aminopyrrolidin-l-yI)-2-flu ro-4- 
xo^J^yrido[3^,l-k4J-13^44^-naphtho[l^-f]phenoxazine-5-cart>oxyUc acid TFA salt 
(compounds of formula (XVII) wherein B = (SH3-anrinopyrrolidin-l-yl), Y = -CH 2 CH 2 -): 
Yield = 40 %. The titled compounds were synthesized as a 3:1 mixture, the first 
compound: l H NMR (DMSO-d*) 6 9.15(s, 1H), 8.2(b, 1H), 8.0(s, 1H), 7.83(d, J = 7.8 Hz, 1H), 
7.69(s, 1H), 7.49(d, = 13.5 Hz, 1H), 731(bm, 3H), 3.8-4.0(bm, 5H) (buried under H 2 0 
peak), 2.85(bs, 4H), 2.30(m, 1H), 2.05(m, 1H), I9 F NMR (DMSO-d*) 5 -123(d, = 15.2 
Hz), the second compound: l9 F NMR (DMSO-d^) 8 -124(d, = 152 Hz), HRMS Calcd for 
C28H23N304F 484.1673, found 484.1669. 

HSM3-aininopyrn>iidra-l-yl)-24ra^ 

g]phenoxazfoe-5-carboxylic acid TFA salt (12) and l-(SH3-aminopyrroIidin-l-yl)-2- 
fluoKM^i£^LW-pyrido|3^4-kJ]-napfatho[ia-fl-phenoxazine-5H^rboxyUc acid TFA salt 
(compounds of formula (XVII) wherein B = (S)-(3-aminopyrrotidin-l -yl), Y = -CH=CH-): 
Yield = 22 %. The titled compounds were synthesized as a 3:1 mixture, the first 
compound: l H NMR (DMSO-d*) 8 920^ 1H), 8.61(b, 1H), 8.55(s, 1H), 8.38(s. 1H), 8.27(b, 
3H), 7.79-7.86(m, 3H). 7.59-7.68(m, 3H), 738(d, = 13 J Hz, 1H), 3.75-4. 12(bm, 5H), 
2-36(m, 1H), 2.l(m, 1H). I9 F NMR (DMSO-d*) 8 -123(d, J„_ F = 13.8 Hz), the second 
compound: ,9 F NMR (DMSO-d^) 8 -122(d, = 13.8 Hz), HRMS Calcd for C^H^C^F 
482.1516, found 482.1514. 

5.15 EXAMPLE 2 (FIG 4Q: 
Synthesis of Pyridobenzophenoxazines 
Ethyl 3-((24iydroryiiaphtbyl)aiirino>^^ 
enoate (compound 5 of FIG 4Q: 

Ethyl 23 ,4.5-tetrafluorobenzoylacetate was treated with triemyl orthofomate and acetic 
anhydrate, then with different aminonaphthols in the presence of pyridine to generate an 
aminoketoacid. The solution of ethyl 23,4>tetrafluorobenzoylacetate (1.10 g, 4.18 mmol) in 
triethylorthofonnate ( 1 ml, 6.06 mmol) and acetic anhydride (1.8 ml, 19 mmol) was heated and 
stirred at 130 °C for 4 h. During the process, the formed ethyl acetate was removed. The 



WO 99/40099 PCT/US99/02400 

-41- 

mixture was then distilled under vacuum to yield an orange oil, which was dissolved in 30 ml 
dichloromethane. 1 -aminonaphthalen-2-ol hydrogen chloride (90% pure from Aldrich) ( 1 .36 g, 
626 mmol), premixed with 2 equivalent of pyridine, was added to the dichloromethane 
solution, and the mixture was stirred overnight at 22 °C. After the solvent was removed under 
reduced pressure, the remaining residue was absorbed on silica gel and subjected to flash 
column chromatography (gradient ethylacetateiexanes = 8:4) that yield a bright yellow powder 
(1.69 g). Yield = 93 %. *H NMR (CDC1 3 ) 5 1 .02 (t, J = 72 Hz, 3H), 4.01 (q, J = 72 Hz, 2H), 
4.10 (m, 1H), 734 (d, J = 9.0 Hz, 1 H), 7.41 (m, 1H), 7.60 (m, 2H), 7.82 (8, 2H), 7.91 (d, J = 8.1 
Hz, 1H), 8.54 (b, 1H). 

Ethyl 3-<(l-hydroiy(2-naphthyl))amino^2K(23,4^teti^oorophenyl)cariM)nyl)prop-2- 
enoate (compound 6 of FIG 4C): 

The titled compound was synthesized in a similar way as compound 5 as a yellow 
amorphous solid. Yield = 90 %. 'H NMR (CDC1 3 ) 8 1.14 (t, J = 72 Hz, 3H), 4.13 (q. J = 72 
Hz, 2H), 6.86 (m, 1H), 7.40-7.64 (b m, 4H), 7.80 (m, 1H), 7.93 (d, J = 8.4 Hz, 1H), 8.69-8.79 
(m,lH). 

Ethyl 3^(3-hydroxy(2-naphthyl))aromo)-2^ 
enoate (compound 7 of FIG. 4C): 

The titled compound was synthesized in a similar way as compound 5 as a yellow 
amorphous solid. Yield = 90 %. *H NMR (CDC1 3 ) 8 1.08 (t, 3= 72 Hz, 3H), 4.07 (q, ) = 72 
Hz, 2H), 730-7.40 (m, 3H), 731 (m, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.85 (d, 7.0 Hz, 1H). 8.20 
(b, 1H), 8.87 (b, 1H). 

Ethyl l,2-difraoro-4-oxo-4tf-pyrido[3,24-k4^ 
(compound 8 of FIG. 4C): 

Emyl-3-((2-hydroxyi^hmyl)armno)-2-((23,43-tetrafluorop 
enoate (0.1 1 g, 0.25 mmol) (compound 5 in FIG. 4C) and NaH (60% in mineral oil) (23.2 mg, 
038 mmol) were mixed with freshly distilled THF and stirred at -78 °C for 15 min. The 
mixture was let to warmed to room temperature gradually and men heated at 65 °C for 30 min. 
The excess NaH was quenched by addition of 30 ml of methanol. The solution was evaporated 
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1H), 7.18 (d, J = 8.7 Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H), 7.54 (t, J = 7.8 Hz, 1H), 7.56 (d, = 
13.5 Hz, IH), 7.69 (d, J = 8.7 Hz, 1H), 7.83 (d, J = 8.7 Hz. 1H), 8.09 (d, J = 8.7 Hz, 1H), 9.12 
(s, 1H). 



Ethyl HM(^-butoxy)cari>©ny^ 

k,IJ-benzo[f]phenoiazine-S<arboxylate (a compound of formula (XK, FIG. 4Q wherein 
A = H(/e/f-butoxy)carbonylammo)pyrrolidin-l-yl): 

The titled compound was synthesized in a similar way as the compound of formula 
(XVIII) (wherein A = 3«terr-btfoxy)carbonyla^^ as a yellow amorphous 

solid, 'H NMR (CDC1 3 ) 6 1.42 (t, J = 12 Hz, 3H), 1,48 (s, 9H), 2.02 (m, 1H), 12% (m, 1H), 
3.55 (b m, 1H), 3.65 (m, 1H), 3.87 (b m, 1H), 3.92 (m, 1H), 4.33 (b m, 1H), 439 (q, J = 72 Hz, 
2H). 5.24 (m, 1H), 7.37 (d, J = 9.0 Hz, 1H), 7.51-7.61 (m. 3H), 7.78 (d, j = 7.8 Hz, 1H), 7.99 
(d, J = 7.8 Hz, IH), 8.71 (s, 1H). 



15 
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Ettyll^(<w4»utoxy)«ulM>nylaiiimo)pyrrolidii^ 

k,l)-oenzoIg]phenoxazme-5-carbojyIate (a compound of formula (XX, FIG. 4Q wherein 
A = 3^(/^butoxy)carbonylamino)pyrroIidin-l-yI): 

The titled compound was synthesized in a similar way as the compound of formula 
(XVIII) (wherein A = H(^-butoxy)carbonylamino)pyrrolidin-l -yl) as a yellow amorphous 
solid. «H NMR (CDCy 8 1.45 (t, J = 72 Hz, 3H), 1,48 (s, 9H), 1.96 (m, 1H), 122 (m, 1H), 
3.54-3.70 (b m, 2H), 3.86-4.02 (b m, 2H), 433 (b m, IH). 4.44 (q, J = 72 Hz, 2H), 522 (b, 
1H). 7.34 (s, IH), 7.40-7.48 (m, 2H), 735 (d, = 13.5 Hz, IH), 7.65 (d, J = 7.8 Hz, IH), 
7.67 (s, 1HX 7.72 (d, J = 7.8 Hz, IH), 8.93 (s, IH). 



x-v-^ioiiropyrroniuiw-yi^ phenoxazi 

carboxylic add (a compound of formula (XXI, FIG. 4C) wherein B = 3-anunopyrroIidin- 
1-yl): 

EthyM<3K(tert^utoxy)carbonylamm^^ 
pyrido[3 A 1 -y 3-benzo[h]pbeiM)xazme-5-caTboxylate (a compound of formula (XVm) wherein 
A = 3^(/^butoxy)<aibonylammo)p^ (77 rag, 0.138 mmol) was mixed with 3 ml 

ethanol and 1 ml IN KOH. The mixture was refluxed for 30 rain. 3 ml 2N HCI and 2 ml 
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ethanol were then added to the "mixture, and it was refluxed for 4 h. After the reaction mixture 
was cooled down slowly, a yellow powder was obtained by filtration, washing with water and 
ethanol, and drying under vacuum (65 mg). Yield = 94 %). m.p. >225 °C (decompose), *H 
NMR (CFjCOOD) 8 2.65 (b m, 2H), 4.10 (b m, 1H), 4.37-4.54 (b m, 4H), 7.44 (d, J = 9.0 Hz, 
5 1H), 7.66 (t, J = 7.5 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.90 (d, J = 13.0 Hz, 1H), 8.03 (d, J = 8.5 
Hz, 1H), 8.08 (d, J = 9.0 Hz, 1H), 8.20 (d, J = 8.5 Hz, 1H), 9.90 (s, 1H); ,3 C NMR (DMSO^) 
8 293, 49.0, 49.1, 543, 104.8 (d, Jc_ F = 24.6 Hz), 106.8, 1 14.1, 1 16.6 (d, J c ^ = 92 Hz), 1 17.0, 
118.5, 120.1, 123.8, 125.8, 128.5, 128.8 (d, J« = 14.2 Hz), 129.4, 130.4 (d, J„ = 20.1 Hz), 
131.9, 1343 (d, J c _f = 92 Hz), 143.7, 145.4, 153.0 (d, J« = 248 Hz), 165.4, 175.9, 180.2; l9 F 
10 NMR (CF 3 COOD) 5-113J2 (d, J M = 12.7 Hz); HRMS Calcd for C 24 H l9 FN 3 0 4 432.1360, 
found 432.1375; Anal, racemic compound (a compound of formula (XXI) wherein B = 3- 
aminopyrrohdin-l-yl) (C 24 H I8 FN 3 0 4 HC1 1/3H 2 0) C, H, N. R-compound (a compound of 
formula (XXI) wherein B = (R)-3-aniinoi»ynoKdin-l-yl): (Q 4 H 18 FN 3 0 4 HC1 3/2H 2 0) C, H, N. 
S-compound (a compound of formula (XXI) wherein B = (S)-3-aminopyrrolidin-l-yl): 
15 (C2 4 H I8 FN 3 0 4 HC1 4/3H 2 0) C, H, N. 



lia-I-yI)-2-fluoro^xo^-i»vridoI3A1^14)eiizofll- phenoxazine-5- 
carboxylic acid (a compound of formula (XXII, FIG. 4Q wherein B = 3-aininopvrrolidiD- 
l-vT): 

The titled compound was synthesized in a similar way as the compound of formula 
(XXI) (wherein A = 3-aminopvrrolidin-l-yI) as a yellow amorphous solid. m.p. >207°C 
(decompose), 'H NMR (CF 3 COOD) 8 2.69 (b m, 2H), 4.19 (b m. 1H), 4.4CM.67 (b m, 4H), 
7.73-7.81 (m, 3H), 7.87-7.99 (m, 3H), 8.20 (m, 1H), 9.47 (s, 1H); ,3 C NMR (DMSO-d^) 8 
29.4, 49.0, 49.3, 54.5. 104.6 (d, J„ = 24.8 HzX 106.8, 114.1, 116.9 (d, = 92 Hz), 118.8, 
121.4, 122.6, 1252, 1262, 127.6, 128.0 (d, J« = 10.6 Hz), 128.6 (d, J„ = 142 Hz), 132.6, 
134.7 (d, J« = 8.7 Hz), 137.7, 138.7, 154.0 (d, J« = 248 Hz), 165.4, 175.4, 1802; ,9 F NMR 
(CF 3 COOD) 8 -1 1 1.4 (d, J^, = 12.1 Hz); HRMS Calcd for C* H I9 FN 3 0 4 432.1360, found 
432.1355; Anal, racemic compound (a compound of formula (XXII) wherein B = 3- 
animopynoUdin-l-yl): (C^FNaCVHCIHjO) C, H, N. R-compound (a compound of 
formula (XXII) wherein B = (RV3-ai 
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. S-compound (a compound of formula (XXII) wherein B = (S)-3-aminopyrroIidin- 1 -yl): 
(C^H.gFN^ HC1 4/3H 2 0) C, H, N. 

4 

l^AminopyiToIidiii-l-yI)-2-fluoro^xo^/r-pyridof3 r 2,l-k41-beii2oIg}- phenoxazine-5- 
carboxyUc acid (a compound of formula (XXTJI, FIG. 4Q wherein B = 3- 

The tided compound was synthesized in a similar way as the compound of formula 
(XXI) (wherein A = 3-aminopyrrolidin- 1 -yl) as a yellow amorphous solid. m.p. >220°C 
(decompose), *H NMR (CF 3 COOD) 5 2.67 (b m, 2H), 4.17 (b m, 1H), 4.48-4.60 (b m. 4H), 
7.60-7.67 (m, 2H), 7.76 (s, 1H), 7.84 (m, 1H), 7.92-7.96 (m, 2H), 8.40 (s, 1H), 9.78 (s, 1H); 
13 C NMR (DMSO-ds) 8 29.4, 49.1, 49.2, 54.5, 104.4 (d, J c _f = 24.6 Hz), 108.0, 113 J, 1 14.9, 
1 162 (d, J„ = 9.0 Hz), 123.1. 125.4, 1263 (d, J c _f = 15.1 Hz), 127.7, 1283, 129.0 (d, J C . F = 
142 Hz), 1303, 132.3, 133.6 (d, J c _f = 8.7 Hz), 138.6, 141.8, 153.0 (d, Jc_ F = 248 Hz), 165.4, 
175.9, 1802; ,9 F NMR (DMSO-dg) 8 -1192 (d, J,^ = 14.0 Hz); HRMS Calcd for C 24 
H 19 FN 3 0 4 432.1360, found 432.1358; Anal, racemic compound (a compound of formula 
(XXTXT) wherein B = 3-aminopyrroUdin-l-yl): (Q 4 H 18 FN30 4 HCl-3/2H 2 0) C, H, N. R- 
compound (a compound of formula (XXB3) wherein B = (R)-3-aminopyrrolidin- 1 -yl): 
(C^HjgFNjCVHCl 1/2H 2 0) C, R N. S-compound (a compound of formula (XXIII) wherein B 
= (S>3-aminopyrrohdin-l-yI): (C 24 H U FN30 4 HC1 1/2H 2 0) C,H,N. 

l-{Piperazm-l-yI)-2-fluoro-4^xo^/7-^ 

acid (a compound of formula (XXI, FIG. 4C) wherein B = piperazin-l-yl): 

Ethyl- 1, 2-difluoro-4-oxo-4H^)yrido[32, 1 ^>benzo[h]phenoxazine-5-carboxy late (8) 
(77 mg, 02 mmol) was treated with /erf-butyl 1-piperazine carboxylale (0.109 g, 0.6 mmol) in 
pyridine at 110 °C for 60 h. After removing the solvent, the residue was subjected to flash 
column chromatography to yield a yellow solid. The solid was refluxed in a 4 ml 1 3 mixture 
of IN KOH and ethanol for 30 min. The solution was men mixed with equal volume of 1 : 1 2N 
HC1 and ethanol and refluxed again for 2 h. After cooling down slowly, a yellow amorphous 
solid was obtained by filtration, extensively washing with water and ethanol, and dried under 
vacuum (55.6 mg) Yield = 60%). m.p. >230°C (decompose), *H NMR (CF 3 COOD) 8 3.73 (s, 
4HX 3.97 (s, 4H), 7.44 (d, J = 9.0 Hz, 1H), 7.68 (t, J = 72 Hz, 1H), 7.80 (t, J = 72 Hz, 1H), 
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7.96 (d, = 10.8 Hz, 1H), 8/05 (d, J = 7.5 HZ, 1H), 8.11 (d, J = 8.7 Hz, 1H), 828 (d, J = 8.7 
Hz, 1H), 10.06 (s, 1H); HRMS Calcd for C 24 H I9 FN 3 0 4 432.1360, found 432.1366. 

acid (a compound of formula (XXII, FIG. 4Q wherein B = piperazm-l-yl): 

The tided compound was synthesized in a similar way as the compound of formula 
(XXI) (wherein A = piperazm-l-yl) as a yellow amorphous solid. Yield = 42%. m.p. >210°C 
(decompose), »H NMR (CF 3 COOD) 5 3.81 (s, 4H), 4.07 (s, 4H), 7.80 (b m, 3H), 7.97 (b m, 
3H),8.30(b, lH),9.65(s, 1H); HRMS Calcd for H 19 FN 3 0 4 432.1360, found 432.1351. 



^razta-l-yl^-fluor^ 
acid (a compound of formula (XXIII, FIG. 4Q wherein B = piperazin-l-yl): 

The titled compound was synthesized in a similar way as the compound of formula 
(XXI) (wherein A = piperazin-l-yl) as a yellow amorphous solid. Yield = 37%. m.p. >200*C 
(decompose), ' H NMR (CF 3 COOD) 5 3.79 (s, 4H), 4.03 (s, 4H), 7.60-7.72 (m, 2H), 7.81 (s, 
1H), 7.89 (d, J = 8.7 Hz, 1H), 7.97-^.02 (m, 2H), 8.53 (s, 1H), 9.93 (s, 1H); HRMS Calcd for 
H 19 FN 3 0 4 432.1360, found 432. 1348. 

5.16 Example 3 (FIG. 4D): 

Ethyl 3-^ydroxydibenzofa^ prop _ 2 _ 
enoate (compound 12 of FIG. 4D): 

The tided compound was prepared in the same manner as compound 5 of FIG. 4C by 
□sing 3-amiiK)-6-hyci ro x y diT ) ^furan hydrogen bromide (4.07 g, 14.6 mmol) in place of 1- 
aminonaphthalen-2-ol hydrogen chloride. Yield: 83%. MS (CI): m/z 474 (M+H); ' H NMR 
(CDC1 3 ) 6 (mixture of isomers) 1.17-1.26 (m, 3H), 2.95 (br s, 1H), 4.10-425 m2, 7.05-720 
(m, 1H), 733 m2, 7.43 (m, 1H), 7.52 (m, 3H), 7.85 (m, 1H), 8.69 (s, 0.7H), 8.74 (s, 03H): ,9 F 
NMR S -1562 (m, IF), -1543 (m, 0.75F), -135.4 (m, 025F), -1403 (m, 0.75F), -139 4 (m. 
IF), 1393 (m, 025F). 
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gjphen xazine-5-carboryIate (comp und 13 of FIG. 4D): 

The titled compound was prepared in the same manner as compound 8 of FIG 4C by 
using compound 12 of FIG 5D (232 g, 4.9 mmol) in place of compound 5. Yield: 89% MS 
(CI): m/z 434 (M+H); »H NMR (CDCIj) 5 1.49 ft J = 7.2 Hz, 3H), 4.48 (q, J = 7.2 Hz, 2H), 
739 (t, J = 3.6 Hz, 1H), 730-7.631, 7.80 (dd, J = 7.8, 2.1 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H) 
9.01 (s, 1H); ,9 FNMRS-15613(dd, J = 21,9Hz, IF), -133.6 (dd, J = 23, 10Hz, IF). 
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E*M (SH<H(^huto;ry)cari>onyfan^ 
10 PyridoPAl-ig^ainmo^hydro^ 
(compound XXIV of FIG. 4D): 

The titled compound was prepared in the same manner as . 
by using compound 13 of FIG. 4D (0.232 g, 0.54 mmol) in place of compound 8. Yield: 84% 
MS (CI): m/z 600 (M+H); «H NMR (CDC1 3 ) 5 1.46 (t, J = 72 Hz, 3H), 1.49 (s, 9H), 2.00 (m, 
1H), 2.29 (m, 1H), 3.61 (m, 1H), 3.70 (m, 1H), 3.40 (m, 2H), 4.42 (m, 1H), 4.44 (q, J = 72 Hz, 
2H), 5.35 (br s, 1H), 739 (t, J = 6.9 Hz, 1H), 7.51 <u J = 6.9 Hz, 1H), 737 (s, 1H), 7.64 (m, 
3H), 7.90 (d, J = 73 Hz, 1H), 8.90 (s, 1H); ,9 F NMR 6 -1 19.8 (d, J = 13 Hz, IF) 



( s H-(3-Aiiimopym>lid^^^ 

hydroydiDenzofurMyOll^ add HQ ^ (compound ^ 

f FIG. 4D): 

The titled compound was prepared in the same manner as compound XXI of FIG. 4C by 
using compound XXTV ofFIG. 4D (0228 g, 0326 mmol) in place of compound 8. Yield: 95% 
MS (d): m/z ATI (M+H); «H NMR (DMSOx/,) 5 2.08 (m, 1H), 231 (m, 1H), 3.8(M.05 (m, 
5H), 7.40 (U = 73 Hz, 1H), 7.47 (U = 133 Hz, 1H), 7.54 (t, J = 72 Hz, 1H), 7.69 (d, J = 8.4 
Hz, 1H), 8.05 (d, J = 73 Hz, 1H), 8.12 (s, 1H), 8.49 (m. 1H), 924 (s, 1H); ,! T NMR 5 -1 19 1 
(d, J =15 Hz, IF). 
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Ethyl(R)-l-{3K(/crr-bntoxy)cai^nylamiii )pyrrolidin-l-yl)-2-flu ro-4-oxo-4ff- 

pyrid |3^,l-kJ]-(3- a inino-6-liydr xydibeiizofpi^yl)|l^lphenoxaziiie-5-carboxylate 
(compound XXIV of FIG. 4D): 

The titled compound was prepared in the same manner as compound XVm of FIG. 4C 
by using compound 13 of FIG. 4D (0.232 g, 0.54 mmol) in place of compound 8. Yield: 90%. 
MS (CI): m/z 600 (M+H); *H NMR (CDC1 3 ) (same as XXIV) 

(R)-l-(3-AnunopyrroKdiiHl-yl^ 

hydroxydibeiizofuranyO[U^phenoxazuie-5-carboxyUc add HC1 salt (compound XXIV 
of FIG 4D): 

The tided compound was prepared in the same manner as compound XXI of FIG. 4C by 
using compound XXTV of FIG. 4D (0228 g, 0.526 mmol) in place of compound 8. Yield: 85%. 
MS (CI): m/z 585 (M+H); 'H NMR (DMSO-d 6 ) (same as XXV) 
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5.17 Example 4 (FIG. 4E): 

Synthesis of DNA alkylating quinobenzoxaznie tert-Butyl 23,4,5- 
tetrafiuorobenzoylacetate (compound 15 of FIG. 4E): 

A solution of 23,4^-tetrafluorobenzoyl chloride (2125 g, 100 mmol), 22-dimethyl- 
13-dioxane-4,6-dione (14.41 g, 100 mmol), and 4-dimemylanunopyridine (3030 g, 250 mmol) 
in dichloromethane was stirred at room temperature for 1 h. The reaction mixture was 
evaporated to dryness, dissolved with ether, and washed with 1A' HC1 and brine. The organic 
layer was dried with MgS0 4 , filtered, and evaporated to give 29.9 g of a pale yellow solid 
(compound 14 of FIG. 4E). Yield: 90%. MS (CI): m/z 321 (M+H); «H NMR (CDC1 3 ) 8 1.83 (s, 
6H), 725 (s, 1H); ,9 F NMR 8 -1533 (m, IF), -1473 (m, IF), -137.0 (m, IF), -1343 (m, IF). 
The resulting solid was used for the next step without further purification. A solution of this 
compound (19.0 g, 5935 mmol) (14 of FIG. 4E) in tert-butanol was refluxed for 1 h. After the 
solvent was removed in vacuo, the resulting solid was purified by flash column 
chromatography on silica gel (ethyl acetaterhexanes - 1:10) to give 13.8 g of tert-butyl 23,43- 
tetrafluorobenzoylacetate as a white solid (compound 15 of FIG. 4E). Yield: 80%. MS (CI): mh 
293 (M+H); 'H NMR (CDC1 3 ) 8 (two sets of signals) 1.45 (s, 0.9H), 134 (s, 8.1H), 3.88 (d, J = 
3.9 Hz, 02H), 5.74 (s, 0.9H), 730 (m, 0.9H), 7.61 (m, 0.1H); ,9 F NMR 8 (two sets of signals) - 
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154.6 (m, 0.9F), -153.3 (m, Q.1F), -151.3 (m, 0.9F), -145.9 (m, 0.1F), -1382 (m, 0.9F), 
137.1 (m, IF), -136.5 (m, 0.1F), -135.6 (}, 0.1F). 
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(23*43-tetrafluorobenzoyl)acrylate (compound 17 of FIG. 4E): 

The titled compound was prepared in the same manner as compound 5 of FIG. 4C by 
using tert-butyl 23,4^-tetrafluorobenzoylacetate (2.433 g, 8.328 mmol) and 2 -hydroxyl-4'- 
«N-(2-trime%ls^ (2352 fe 832g ^ ^ rf 

ethyl 23,4,5-tetrafluorobenzoyIacetate and l-ammonaphthalen-2-ol hydrogen chloride, 
respectively. Yield: 86%. MS (CI): m/z 585 (M+H); J H NMR (CDCI 3 ) 5 (two sets of signals) 
032 (s, 9H), 1.01 (m, 2H), 129 (s, 2.7H), 134 (s, 63H), 422 (m, 2H), 430 (m, 2H), 5.1 1 (br s, 
1H), 6.85 (m, 1H), 7.30 (m, 1H), 7.15 (m, 1H), 727 (m, 1H), 835 (br s, 1H), 8.53 (d, J = 14.4 
Hz, 03H), 8.62 (d, J = 14.1 Hz, 0.7H); l9 F NMR 8 (two sets of signals) -156.5 (m, 03F), - 
1532 (m, 0.7F), -153.9 (m, 0.7F), -153.6 (m, 03F), -139.7 (m, 0.7F), -139.3 (m, 03F), - 
138.9 (m, IF). 



20 



25 



te (235 g, 3030 mmol) 



tert-Butyl 12^iffluoi^9-(N-(2-trmettyls^^ 
qmno[23,4-yj[l,4]benzoxazin^5-carboxylate (compound 18 of FIG. 4E): 

A solution of tert-butyl 3-{2'-hydroxyl-4'-((N-(2- 

trimemylsilyl)ethoxycarbonyl)am^ 

(compound 17 of FIG. 4E) (3.54 g, 6.06 mmol) and sodium bi. 

in DMF was stirred at 100 °C for 3 hr under a nitrogen atmosphere and allowed to cool to room 
te. The solution was removed in vacuo. The residue was crystallized from ethyl 

(4:1) to give 2.67 g of tert-butyl 12-difluoro-9-((N-(2- 
trmiemylsilyI)ethoxycarbonyI)^ 

carboxylate (compound 18 of FIG. 4E). Yield: 80%. MS (CI): m/z 545 (M+H); 'H NMR 
(CDC1 3 ) 5 0.05 (s, 9H), 1.02 (m, 2H), 1.64 (s, 9H), 422 (m, 2H), 436 (d, J = 63 Hz, 2H), 5.13 
(br s, IH), 7.12 (m, 2H), 739 (d, J = 93 Hz, 1H), 7.77 (dd, J = 7.8 and 102 Hz, 1H), 8.88 (s, 
1H); ,9 FNMR5-151.6(m, 1F),-I33.8(m, IF). 
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tert-Buryl l-{3-tert-butoxycarbonyIamin pyirohdm-l-yI)-2-fhi ro-9-((N-(2- 
trimemylsilyl)eth xycarbonyDamh, methyl^x^H^aino^^fl^benzoxazine-S. 
carboxylate (compound 19 of FIG. 4E): 

The titled compound was prepared in the same manner as the compound of formula 
(XVm) (wherein A = S^te^^^^lar^y^Mnrl-yl) of FIG. 4C by using tert- 
butyl U-^uoro-W^-trnnethylsily^thoxyca^^ 

qumo[23,4-y][l,4Jben20xazme-5^xylate (compound 18 of FIG. 4E) (1 g, 1.836 mmol) in 
place of compound 8 of FIG. 4C. Yield: 80%. MS (CI): m/z 711 (M+H); l H NMR (CDC1 3 ) 8 
0-06 (s, 9HX 1.03 (m, 2H), 1.47 (s, 9H), 1.64 (s, 9H), 1.96 (m, 1H), 224 (m, 1H), 3.47 (m, IH) 
3.62 (m, IH), 3.84 (m, IH), 3.93 (m, IH), 4.22 (m, 2H), 433 (m, 3H), 5.04 (br s, IH), 5.39 (br 
s, IH) 6.90 (s, IH), 6.99 (d, J = 8.4 Hz, IH), 7.24 (m, IH), 7.56 (d, J = 13.8 Hz, IH), 8.68 (s 
IH); 19 F NMR 5 -120.0 (m, 1 F). 



15 



20 



25 



tert-Bulyl l^tert-butoxycari>o n yIammopyrroKdm-l-yI>2-flnoro-^ 
oxo^H^uino^^-iJIIl^benzoxazine-S-carboxylate (compound 20 of FIG. 4E): 

To a solution of ten-butyl MS-tert-butoxycarbo^^ 
«N-(2-trimemyl^ 

ijl[l,4]ben2Dxazine-5^arboxylate (compound 19 of FIG. 4E) (400 mg, 0.563 mmol) in DMF 
was added lATtetrabutylammonium fluoride (0.844 ml, 0.844 mmol) in THF under a nitrogen 
atonosphere. The reaction mixture was stirred for 3 hr at room temperature. The solution was 
lemoved under vacuum The residue was purified by flash column chromatography on silica gel 
(ammonia wateonethanolrchloroform = 1:7:92) to give 287 mg of tert-butyl H3-tert- 
butoxycarbonylamirK^ynoiidan-l-yl^^ 

U][l,4]bei 1 z»xa Z ine.5^rboxylate (compound 20 of FIG. 4E). Yield: 90%. MS (CI)- m/z 567 
(M+H); 'H NMR (CDC1 3 ) 8 1.47 (s, 9H), 1.63 (s, 9H), 1.92 (m, IH), 222 (m, IH), 3.48 (m 
IH), 3.62 (m, IH), 3.84 (m, IH). 3.89 (s, IH), 3.90 (m, IH), 432 (br s, IH), 4.94 (br s, 1 H) 
7.09 (m, 2H), 732 (d, J = 8.4 Hz, IH), 7.59 (d, J = 13.8 Hz, IH), 8.76 (s, 1H); 19 F NMR 8 - 
1202 (m, IF). 
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"F NMR 8 -1192 (d, Jwi = 41.9 Hz, IF), -74.6 (s, 3F); HRMS calcd for C^H^BrF 
530.0611, found 530.0602. 



10 



15 



20 



25 



5.19 Competition Between Psorospennin and A-62176 

Psorospennin, a potent DNA alkylating antitumor agent, has been shown to intercalate 



(Hansen 



30 



e/*£,!996). In the presence of topo n, the reactivity of psorospenmn is enhanced more that 
40-fold with the guanine at the 44' position at site B in FIG. 7 (Kwok et aL, 1998a and 1998b). 
A DNA strand breakage assay was used to locate the position of alkylation of DNA bv the 
epoxide of psorospennin upon in 



ion to me base pairs between the +1 and +2 positions at 
site B within the topo II-DNA complex (Kwok et aL, 1998a). Psorospennin has subsequently 
been used to probe the binding sites for m-AMSA (Kwok et al., 1998a). In the present study, 
this same assay was performed to determine the binding site of A-62176 on DNA in the 
presence of topo II. 

The A-62 1 76 photocleavage studies have demonstrated that topo H produces a structural 
distortion at the + 1 and +2 positions at site B that creates a binding pocket for A-62176. As an 
independent method for detennining the specific location of A-62176, a competition study 
between psorospennin and A-62176 was carried out (FIG. 8). As demonstrated previously, 
psorospennin displayed relatively weak DNA reactivity at a 10 mM coi 



□ccmration in the 

absence of topo II (FIG. 8A, lane 5); however, in the presence of topo H, the psorospennin 
alkylation of the guanine at the +4' position of she B (band 2) was greatly enhanced (lane 6), 
while me reactivity of nsorospemun wto 

3) remained unchanged (Kwok et aL, 1998). As the concentrations of A-62176 were increased 
(lanes 7-1 1), the amount of psorospennin alkylation at site B decreased (band 2), as shown by 
the reduction of the strand breakage product, while the reactivity of psorospennin whh the 
guanines at other position (bands 1 and 3) showed littie if any change (TIG. 8B). SinceA- 
62 1 76 is a DNA-interactive intercalator, this competition effect may be due to its nonspecific 
inWbmonoftoiKJnbmdmgtoDNAatsiteB. However, in this study nonhydrolyzable ATP 
wasused. Under these conditions, a concentration of A-62 1 76 (up to 10 ,M) can enhance the 
topo n-mediated cleavage (FIG. 5). Therefore, these results indicate that A-62176 can 
specifically compete with psorospermin for intercalation between positions +1 and + 2 in the 
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presence of topo II. For comparison, Norfloxacin was used instead of A-62176 in a parallel 
study. In contrast to the intercalating A-62176, the nonintercalating Norfloxacin showed no 
competition with psomsperrnin (lanes 12-16). In fact, quantitative data showed that 
Norfloxacin produced a small but significant enhancement of the psomspennin alkylation at 
site B (FIG. 8B). Overall, these results strongly support the idea that A-62176 specifically 
interacts with DNA at the site where psorospennin binds in the presence of topo II (ie. between 
positions +1 and +2). 



10 



15 



20 



25 



30 



5.16 The Cooperative Binding of A-62176 and Norfloxacin in the Presence of Topo H as 
Evidence for the Assembly of a 2:2 Drag:Mg 2+ Complex on the Topo II-DNA Complex 

In a previous study, h was proposed that a 2:2 drug:Mg 2+ complex forms a "heterodimer 
complex" with respect to DNA, in which one A-62176 molecule is intercalated into DNA and a 
second A-62176 molecule is externally bound, held to the first molecule by two Mg 2 * bridges 
(Fan et at. 1995). In this complex, on the basis of DNase I and viscometry studies, externally 
bound A-62176 molecules can be replaced by Norfloxacin, demonstrating that Norfloxacin and 
A-62176 bind to DNA in a cooperative manner. In the present study, competition studies 
between psomspennin and A-62176, in combination with Norfloxacin, were used to determine 
if the hetemdimer complex is also formed in the presence of topo II. The psorospermin 



in the 



alkylation of guanine at the 44' position of site B (lane 5 of FIG. 9A) is greatly enha 
presence of topo U (compared to lane 4). As the concentrations of A-62176 were increased 
(lanes 6-1 1), the amount of alkylation by psorospermin at the same positions decreased. The 
effects of 20 and 100 mM of Norfloxacin in combination with A-62176 on 
alkylation are shown in lanes 12-18 and 19-25, respectively. At face value, happeara tL~ 
Norfloxacin has no effect on psorospennin alkylation in combination with A-62176 (FIG. 9B, 
Graph II); however, when the enhancement effect of Norfloxacin alone on pson>spermm 

alkylation (lanes 12 and 19 in FIG 9A: Fin or n™,; i\ .- i. • 

1U - yA » riU - VB » uraph I) is taken into account, it is evident 

that Norfloxacin does show an additive effect with A-62176. If the enhancement effect by 
Norfloxacin alone on psorospermin alkylation is subtracted from the combination effect, as 
shown in FIG. 9B, Graph m, A-62176, in combination with 20 mM of Norfloxacin, shows an 
additive effect on the inhibition of r^rospermin alkylation. This additive effect is even more 
dramatic when 100 mM of Norfloxacin is used. Hence, A-62176 and Norfloxacin bind to the 
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topo n-DNA complex in a cooperative manner, which is consistent with the 2:2 drug:Mg 2+ 
model originally proposed for the binary complex between the quinobenzoxazines and DNA 
(Fan et aL, 1995). 

5.17 The Experimental Findings are Consistent with a 2:2 Quinobenzoxazine:Mg 2+ 
Heterodimer Complex, Which Can Assemble in the Presence of Topo II 

The results of previous studies have led to a proposal of a 2:2 quinobenzoxazinerMg 2 * 
heterodimer complex model on duplex DNA, in which one quinobenzoxazine molecule serves 
as an intercalator and the other quinobenzoxazine molecule binds externally, held to the first 
drug molecule by two Mg 2+ ions (FIG. 10A) (Fan et aL, 1995). Since Norfloxacin and A- 
62176 can cooperatively interact with DNA in the presence of Mg 2+ , and together they can 
further lengthen the DNA helix, it was suggested that the externally bound A-62176 molecule 
could be replaced by the nonmtercalating Norfloxacin (Fan et aL, 1995), thereby forming a 
1:12 A-62176:Norfloxacin:Mg 2+ heterodimer (FIG. 10B). However, this model was proposed 
based on the experimental evidence on the drug-DNA binary complex in the absence of topo II. 
The inventors' results (FIG. 9) show that A-62176 and Norfloxacin have cooperative effects in 
the competition with psorospermin in the presence of topo H, indicating that this heterodimer 
complex may also assemble in the topo II-DNA complex (FIG. 10, A and B). Surprisingly, in 
the presence of topo II, the externally bound Norfloxacin itself can facilitate the alkylation of 
psorospermin, although Norfloxacin is not able to produce the same effect in die absence of 
topo n. It is not known whether this cooperative effect results from the complex formation 
between psorospermin and Norfloxacin at the topo II cleavage gate or by the direct interaction 
between Norfloxacin and topo II, although Norfloxacin, a gyrase (bacterial topo II) poison, has 
not been shown to be a eukaryotic topo II inhib itor. 

5.18 Implications for Drag Design 

The 2:2 quinobenzoxazine JVlg 2 * and 1:12 quiiwbenzoxazine^orfloxacm.Mg 2 * 
heterodimer models have important implications for future drug design, not only for eukaryotic 
topo D but also for gyrase, since Norfloxacin is known to be a gyrase inhibitor. The proposed 
drug*.Mg 2+ heterodimers have two moieties: one of them interacts exclusively with DNA 
through intercalation and the other binds externally to DNA (FIG. 9A and FIG. 9B). The 
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results preseotod hem suggest to ^ „ ^ 

unwmding, to is captumd orstabili^ by foe binding of A-62,76 a ^ ^ „ 

foe binding of foe A-62,76:Mg" hetoroduner * foe topo B-DNA compter Modes 
no. only .be intercalation of<XK M2m fc fc ^ DNA ^ 

te ^^^^i^onof«b««^b m ndA^176 mo lee»le«, tt p„n This 
model provides substantial information for drag design. One o, foe inventors enrren. 
■PPraacnes is to extond foe poly^matic ring system to intomataes into foe base pais A 
senes of new ooinobenroxazine anatogoes have bee, synfoesfced, and studies show to foey 
are more potent against several cancer cell lines than foe parent compound A-62176 (Zeng el 
«t. 19*S). Further stodies am under™, u> fi««ne foe two qnhmbenzo.azme moleodes in 
then mteraction with Mg , DNA, and topo B. 

In smnmmy, foe inventors have drown to ouinobenznxa™ A-62176 can be bo* a 
topo n poison (at site B) and a catalytic inhibitor (at site A) at pH 6-7. It is suggested mat topo 
H mduces a c^fomtanona! change or a distortion a, positions +1 and + 2 a. sito B, which 

Z^L^^Z^ 2 " 6 - ^"^•^^"-istowifofoepr^osed 

ice of topo n. in 



2:2 qumobenzoxazinerMg 2 * heterodirner. which may assemble in the t 



>0 



m 



^chtnemtercaianonmoleeuleoftheheten^ 

mventors propose, by analogy with the 22 qumobenzoxazine^ complex, that a 2 2 
quinolonerMg 2 * complex can form on bacterial gyrase. 

Cooperative effect of Norfloxacin with the DNA int^i^^ • , 

mm me una inter c alating qmnolone QQ58 (IU in 

WO. 2) on its m vjVro cytotoxic potency 

On foe basis of foe 2:2 quincWxazineA^ mode! and foe derivative 

1: ,a model (see before), foe inventors 

pradtc to rtditio. of foe rtoointetcahting mtm*.*,**^,^ 
.acuve compound such as HI should increase its cytotoxic porency. 

k sepuae studies, foe .C M of ,11 and foe IC,„ IC* and ICs0 .f „ 

determined for DU-145, a prostate cell line A« mrrvw^ xt~«i 

^ 1 une - As expected, Norfloxacin was at least 1000-fold 

ess potent than ffl, since it does not stabilize the topo H-DNA complex. However in 

combination with m, Norfloxacin at 34 and 5 lower 

« ana d lower concentrations than required to produce its 
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ICs ° VaJU£S Pr0dUCed a Si ^ fidant * cre ** (13x and 20x, respectively) in the cytotoxic potency 
of ID (FIG. 11). 

Compound 2b (FIG. 3) binds to G-quadruplex DNA and blocks DNA synthesis in a 
concentration dependent manner. 

Although it has been shown that G-quadruplex structures block primer extension by 
DNA polymerase in a K + dependent manner (Wietzmann et al., 1 996), the inventors are 
unaware of any reports showing enhanced blockage by G-quadruplex-interactive agents. To 
determine if 2b binding to G-quadruplex enhances the block to DNA synthesis, primer 
extension reactions were carried out in the absence and presence of 2b. FIG. 12A shows the 
results of Taq DNA polymerase primer extension on DNA templates containing four repeats of 
TTGGGG in the presence of different concentrations of 2b at 55°C. These results are presented 
in graph form in FIG. 1 IB. In these stud.es, K + was added at low concentrations in order to 
prevent overwhelming polymerase pausing due to formation of highly stable G-quadruplex 
structures. In the absence of 2b, there is only a slight pausing of the Taq DNA polymerase 
when it reaches the 3'-end of the G-rich site on the template DNA at 55°C (CN in FIG 12A) 
However, upon increasing the concentration of 2b. enhanced pausing is observed at the same 
site as that seen with low K + concentrations. This suggests that 2b enhances me polymerase 
pausing by stabilizing the G-quadruplex structure formed in the tf + hnfl- a* w;~u ,u 



20 quadruplex 












©specific 



between 2b and the single-stranded template DNA. At a 2b concentration of 100 uM, the 



completely 



25 



nonspecific interactions between 2b 
and the single- and/or double-stranded DNA or between 2b and the polymerase itself 

All of the compositions and methods of synthesis disclosed and claimed herein can be 
made and executed without undue experimentation m hght of the p^ t disclosure. While the 



compositions 



d methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to the 
compositions and methods of synthesis and in the steps or in the sequence of steps of the 
' without departing from the concent smrit anrf «v»*» «f ; 



method described I 



30 



More specifically, it will be apparent that certain agents that are both chemically w 
Physiologically related may be substituted for the agents described herein, whil the same or 
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siniilar results would be achieved. All such similar substitutes and modifications apparent to 
those skilled in the art are deemed to be within the spirit, scope, and concept of the invention as 
defined by the appended claims. 
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CLAIMS: 

1 • A method for stabilizing a topoisomerase II-DNA complex comprising the step 
of contacting a cell containing said complex with a DNA intercalating quinobenzoxazine 
derivative. 



2. The method of claim 1, wherein said quinobenzoxazine derivative has the 
formula of claim 20. 



3. 



The method of claim 2, wherein said quinobenzoxazine has the formula of claim 
10 21. 



4. The method of claim 1. further comprising contacting said cell with a 
fluoroquinolone other than said quinobenzoxazine derivative, wherein said fluoroquinolone 
interacts with topoisomerase II-DNA complex in the presence of said quinobenzoxazine 

15 derivative. 

5. The method of claim 4, wherein said fluoroquinolone is Norfloxacin. 

6. A method for screening a quinobenzoxazine derivative for antineoplastic or 
20 antibiotic activity comprising determining DNA unwinding in the presence of said 

quinobenzoxazine derivative, as compared to the DNA unwinding in the absence of said 
quinobenzoxazine derivative. 



7. The method of claim 6, wherein said detemuning comprises treating target DNA 
25 with topoisomerase. 



8- A method for screening a quinobenzoxazine derivative for antineoplastic or 
antibiotic activity comprising determining the ability of the quinobenzoxazine derivative to 
stabilize a topoisomerase II-DNA complex. 

30 
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9. 



A method for .screening a fluoroquinolone for the ability to enhance the 
antineoplastic or antibiotic activity of an intercalating quinobenzoxazine derivative comprising 
detennining the enhancement of cytotoxicity of said quinobenzoxazine derivative in the 
presence of said fluoroquinolone 



10. The method of claim 9, wherein said determining comprises measuring growth 
inhibition of cancer cells. 



11. A method of inhibiting telomerase activity comprising contacting a cell 
1 0 containing a telomerase with a Quinobenzoxazine derivative that interacts with G-quadruph 



texes. 



12. The method of claim 1 1 , wherein said cell is a neoplastic cell. 



13. The method of claim 1 1, wherein said cell undergoes apoptosis upon contacting 
1 5 with said quinofa 



14. A 
with two 












fluoroquinolones, wherein a first fluoroquinolone intercalates with DNA and 
a second fluoroquinolone interacts with functional groups of bacterial 



20 



15. The method of claim 14, wherein said bacterium is killed. 



W. The method of claim 14, wherein said bacterium is a gram-negative bacterium. 



25 



17. The method of claim 14, wherein said bacterium 



is a gram-positive bacterium. 



18. A quinobenzoxazine substituted at the isolated benzyl group with an aromatic 
moiety, and having the dual mechanism of action of (i) stabilization of topoisomerase D-DNA 
complexes and (ii) interaction with G-quadruplexes. 



30 



19. A method of synthesizing quinobenzoxazines comprising the steps: 
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binding a carboxyacetophenone to a solid support through Uansestenncation to fonn 
a solid bound ester; 

generating an enaminoketoester from the solid bound ester, 

forming a tetracyclic scaffold from the solid bound enaminoketoester 

adding a mtrogen^ntaining base to the enaminoketoester to form the solid bound 

quinobenzoxaane; 

coupling the solid bound qumobenzoxazine with a compound selected from the 
group consisting of alkylating agent, acylating agent, amino acid and peptide. 

20. A compound of the formula: 



woo 




L^(CHm)n 



or 



a phannaceutically acceptable salt, ester, or amide thereof, in which 



m = 0,1,2; 
m' = 0,l,2; 
n = 0,l,2; 
n' = 0,l,2; 

C = N, O, S, C, CH, CH 2 ; 

R 1 - hydrogen or carboxy-protecting group; 

R 2 = hydrogen, halogen, or alkyl consisting of 1 to 6 carbon atoms; 

A = oxygen, sullur, or carbon; 

2 « a halogen or mtrogen^ntaining group consisting of 1 to 6 



»n atoms; 
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X = hydrogen or halogen; 

W = hydrogen, nitro, amino, alkyl amino, halo-substituted alkyl, or halogen. 
21. A compound of me formula: 



5 




NR3R4 



10 



15 



or a pharmace UticalJy acceptable salt, ester, or amide thereof, in which 
R - hydrogen or carijoxy-protecting group 

R 3 = or *M consisting of 1 to 6 carbon atoms 

R or R - alkyl, acyl, amino acids, short neotides «r nw» iu. i - 

int^iot; * • non peptides, or DNA alkylating, groove binding, 

intercalating funcnonalhies, or any ligand for nuclear receptors 

A - oxygen, sulfur, or carbon 

X - hydrogen or halogen 



22. A method of treating a bacterial infi~ri m ~ 

having a bacterial infectio^^^ 
20 intend ■ u Z fluoroqumolones, wherein a first fluoroquinolone 

M intercalates with DNA and a second fh™™.,;„ i ^ 



23. A method of bhibitrng proliferation «t , „ 

m umzoxazme derivative that mtercalates with DNA. 

24. The method of 
formula of claim 20. 



un 23, wherein said qumobenzoxazine derivative has the 
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